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f^Titlr: 2-AND4-AMINOPYRIMroiNESNnSUBSTrrnJDEDBY ABICYCLlCRrnGFORUSE/VSI^ 
JDETHBTREATMENl^ OF CANCER 



(57) Abstract: A courapoond of the formula (I) wherein each X is independently NR*R^ NR'Tt^, or R*. 
with the proviso that al least cxk X must be NR' R^; each is independently an optionally substituted fused 
bicyclic unsaturated ring conlnmng 9 or 10 atoms optionally containing 1-4 heteroatoms selected from the 
group consisting of N, S and O, and the variables R^~^ arc as defined in claim 1, arc claimed. These com- 
pounds are kinase inhibitois nsdul in the treatment of cancer and viral infections. 
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For two-letter codes and other ablfreviations, refer to the 'Xhiid- 
ance Notes on Codes and Abbreviatiom'' appearing at the begin- 
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2- AND 4-AMINOPYRIMIDINES N-SUBSTITUTED BY A KCYCLIC RING 
FOR USE AS KINASE INHIBITORS IN THE TREATMBfT OF CANCER 

BACKGROUND 
Technical Field 

The present invention relates to certain multi-ring compounds, particularly 
to compounds that are useful as inhibitors of kinases such as, but not limited to, 
serine/threonine kinases. Tte present invention also relates to pharmaceutical 
compositions comprising the compounds of the present invention, as well as 
methods of using the compourxls in inhibiting the kinases and treating patients 
suffering from diseases caused by various altered kinases. The invention also 
relates to a method of producing the compounds of flie present invention. In 
addition, the present invention relates to intermediates used to prepare the 
compounds of the present invention. 

Background of the Invention 
At the present time, many cancer treatments use cwnponents that interi'ere 
wiUi cell division by unspecific mechanisms such as inNbition of DMA synthesis. 
Atthough toxic in general, these compounds have a toaoc effect on the rapidly 
growing tumor cells that can provide an effective cancer tnsatment. However, anti- 
cancer compounds that act by mechanisms more spedfic to cancer cells rather 
than inhibiting DMA synthesis have the potential to display enhanced specificity to 
cancer cells. 

For example, serine/threonine protein kinases are involved in cellular 
signaling mechanisms tiiat regulate gene expression and laell proliferation (Su and 
Karin, Gun-. Opinion. Immunol. (1996), 8:402; Kolch, Bbchem. J. (2000) 351:289). 
Some serine/threonine kinases, such as cyclin dependent kinases (CDK), are 
necessary to progress firom one step in the cell c^cle to fha next (Meyerson et a!., 
EMBO J. (1992) 11 -.2909). They are active when spedlically bound to other cell 
cycle proteins (c^in faumily). Changes in their activities or in the activities of their 
activators or Inhibitors are common in cancerous cells (Motokura and Arnold, 

1 
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Biochlm. Biophys. Acta (1993) 1155:63). The frequent deregulation of kinase 
activities in cancer and the discovery of natural inhibitors of cydin dependent 
kinases have stimulated the active search for chemical inhibitors of CDK proteins 
(Vesely et al., Eur. J. Biochem. (1994) 224771). 
5 Apoptosis, the programmed cell death, plays an important role in the 

embryogenesis, regulation of the immune cell populations and probably aging. 
Failures in apoptotic signal transduction pathways lead to a variety of diseases 
including tumors (Hug, Biol. Chem. (1997) 378:1412). It is wkiely recognized that 
the inductton of apoptosis holds promise as a treatment strategy for cancer. In 

10 fact, a number of chemotherapeutic agents have already been identified th^ 
induce apoptosis In cancer cells in vitro (AiBnds and Wyllie, InL Rev. Exp. Pathol. 
(1991) 32:223 and Mesner et aL, Adv. Phamiacol. (1997) 41:461). 

Apoptosis is an intrinsic process present In all cells that can be regulated 
by extrinsic factors such as homtones, growth factors, cell surface receptors or 

15 cellular stress. The actions of both pro- and anti-apoptotic factors are often 
affected by modulation of the phosphorylation state of key elements of the 
apoptotic process. Evidence has been accumulated that serine/threonine kinases 
are also involved directly in the regulation of the apoptotic cascade (Cross et al,. 
Experimental Cell Research (2000) 256:34). Because apoptosis is regulated, 

20 biochemical alterations that make cells more or less susceptible to apoptosis 
might affert their sensitivity to a broad range of antinieoplastic agents (Kaufmann 
and Eamshaw, Experimental Cell Research (2000) 256:42). Therefore, new drugs 
that sensitize tumor cells for apoptosis or induce apoptosis by interfering with key 
regulators of the apoptotic process such as serine/threonine kinases would be of 

25 great benefit for future cancer treatinent strategies. 

Viruses are by definition unable to replicate on their own but must enter a 
host cell in order to use the host cell's macromolecular machinery to replicate 
(Knipe in: Fields et al., N/irplodv. Third Edition (Lippincott-Raven, 1996), P- 273. 
Inhibition of protein kinases has also shown encouraging results in controlling viral 

30 infections such as infections with human cytomegaloviruses (Bresnahan et al., 
Virotogy (1997) 231:239). 

Therefore, controlled inhibition of serine-ttireonine kinase activities are 
useful in controlling and treating diseases such as cancer and viral infections. 
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Accorcfingty, it is desirable to develop inhibitors of Idnases includfaig 
serine^thieonine Idnases. 



The present invention relates to certain multi-ring compounds represented 
bytheFbnfnula(l): 



each X is independently NR^R®. NR^R^ or R^ with the proviso that at least 
one X must be NR^R^; 

each is independently an optionally substituted fused bicydic 
unsaturated ring containing 9 or 10 atoms and optionally containing 
1-4 heteroatoms selected from the group consisting of N, S, and O; 
wherein said substitution on said ring is selected from the group 
consisting of halo, -COOR^ -COR^ -CN, -OR^ -C=0, -NO2. -NR®R^ 
-CONR^R®, -NR^COR^ -NR^COOR^, -NR^SOgR^ -SQ2R®. 
"SOzNR^R^ -NR^CONR^ -SR^ -NR^SQz. -OR^NR^R^ -N=CR^ 
optionally substituted alkyi, and optionally substituted alkenyl 
wherein the substrtutton on said alkyl and alkenyl is selected from 
the group consisting of -NR®R^, -OR®, fluoro, melhenyl, and ethenyl; 
is hydrogen, hato, opttonally substituted alkyi, or an optionally 
substituted -Y(„)rmonoHing group or -Y(nrniulti-ring group, said ring 
groups in each case containing 4-18 atoms in the ring and optionally 
containing 1-4 heteroatoms selected from the group consisting of N, 
S, and O; wherein said substitution on sakJ ring group is selected 
from the group consisting of halo, -COOR®, -COR®, -OR®, -G=0, 
-NO2, -CONR®R^, and optionally substituted alkyl, wherein said 
substitution on each of said alkyls is independently selected from the 
group consisting of -NR®R^, -OR®, and fluoro; 

R® is hydrogen, all^. or halo; 



SUMMARY OF THE INVENTION 




(I) 



wtierein 
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each is independently an optionally substituted -Y(„fmono-ring group or 
optionally substituted -Y(n)-multi-ring group, said ring groups in each 
case containing 4-18 atoms In the ring and optionally containing 1-4 
heteroatoms selected from the group consisting of N, S, and C% 
5 wherein n is 0 or 1, and -Y- is selected from the group consisting df 

straight- or branched-chain Ca-Cs-alkylenyl and -C(CN)-; wherein R!* 
can also be hydrogen or alkyi when is present; and wherein said 
substitution on said ring group is selected firom the group consisting 
of halo, -COR®, -CN. -OR^ -OO. -NOg, -NR®R®. 

10 -CONR®R^ -NR^COR^ -NR^COOR^. -NR^QzR^, -SO2R*, 

-SOzNR^Q. -NR®CX>NR^ ^R®. -NR^SOz. -OR^R^**. -N=CR®. and 
optionally substituted alkyI, wherein said substihitton on said alkyI is 
selected from the group consisting of -NF^R®, -OR^ fluoro. 
metiienyl, and ethenyl; with the proviso tiiat the multi-ring group 

15 cannot be benzimidazolyl; 

each R® is independently an optionally substituted -Y(„;HTO)no-ring group or 
an optionally substituted -Y(n)-multi-ring group, said ring groups in 
each case containing 4-18 atoms in the ring and optionally 
containing 1-4 heteroatoms selected from the group consisting of N, 

20 S, and O; wherein n is 0 or 1, and -Y- is selected from the group 

consisting of straight- or branched-chain C2^all^enyl, -N=CH, and 
-N=CHCH3; and wherein said substitution on said ring group is 
selected from the group consisting of halo, -COOR®, -COR^ -CN, 
-OR^ -CO, .NO2, -NR®R®, -CONR^R^, -NR^R^, -NRtoOR^ 

25 -NR^SOzR^ -S02R^ -SOaNR^Ra, -NR^CONR^, SR^ -NR^SOa. 

-OR^R^R^ -N=CR^ and optionally substituted alkyI wherein said 
substitution on said alkyl is selected from the group consisting of 
-NR®R^, -OR®, fluoro, methenyl, and ethenyl; with the proviso that 
the multi-ring group cannot be benzimidazolyl; 

30 each is independentty hydrogen or alkyl; 

each R^ and R^ Is independently hydrogen, optionally substituted Ci^- 
alkyi, optionally substituted aryl, or optionally substituted arylalkyi, 
wherein said substitutbn is selected from the group consisting of 

4 
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optionally subsHtuted alkyi, wherein said substitufion on said alkyi is 
selected from the group consisting of fluoro and dialkylamino; 
and pharmaceutically acceptable salts and prodrugs thereof. 

The present invention also relates to compounds of Fbmnula (I) wherein: 
each X individually is -NR^R®, -NR'*R®, or R*, with ttie proviso that at least 
one X is -NR^R®; 

each R^ is independently an optionally sutisb'tuted mo^ selected from the 
group consisting of indazolyl, quinoEnyl, benzothiazolyl, 
benzotriazolyl, or benzDxa2X)lyl, wheiein said stibsdtution is selected 
from the group consisting of hydrogen, nnethyl, and ethyl; 

R^ is halo or optionally substituted allcyl. wherein said substitution is 
selected from the group consisting of fluoro. -COOR®. -COOR^ and 
-CONR^R®; 
is hydrogen or methyl; 

each R"* is hydrogen, methyl, phenyl, aryl, benzothiophenyl, pyridyl, indolyl, 
naphthalenyl, bfphenyl, indanyl, indenyl, quinofinyl, isoquinollnyl, 
benzothiazolyl, benzotriazolyl, cyclohejcanyl. cyclopentanyl, 
cyclobutanyl. or multiple rings which are finked covalently, either 
directly or via a linker, wherein said linker is selected from the group 
consisting of methylene, O, S, N, -R^-SQa, -SQrNR^ -NR^CO- and 
-CONR^ 

each R^ is independently an optionally sutistituted -Y^j-mono-ring group or 
an optionally substituted -Y(nrniultHing group, said ring groups in 
each case containing 4-18 atoms in the rvig and optionally 
containing 1-4 hetenoatoms selected from the group consisting of N, 
S, and O; wherein n is 0 or 1, and -V- is selected from the group 
consisting of straight- or branched-chain Ca-^-all^nyl, -N=CH. and 
-N=CHCH3; and wherein said substitiitlon is setecled from the group 
consisting of halo, -COOR®, -COR®. -CN, -OR*. -OO, -NO2, -NR^R^ 
-CONR«r9, -NRfeOR^ -NR^COOR^. -NR^SOzR®, -S02R^ 
-SO2NR V. -NR^CONR^ -SR^ -NRfeQz, -OR^Rf^R^ 4M=CR^ and 
optionally substituted alkyi, wherein said substitution on said alkyi Is 
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selected from the group consisting of -NR^R^, -OR**, fluoKJi 
methenyl, and ethenyl; with the proviso that the multi-ring graq^ 
cannot be benznnklazoiyi; 
each is independently hydrogen or alkyi; 

each R^ and R^ is independently hydrogen, optionally substituted Cos- 
alkyI, optionally substituted aryl, and optionally substituted arylaUg^ 
wherein said substitution is selected fifom the group consisting (Sf 
optionally sut>stituted alkyI; wherein said substitution on said alkyI & 
selected from the group consista'ng of fluoro and diall^mino; 
and pharmaceutically accepteble salts and prodrugs thereof. 

The present invention also rolates to compounds of Fomnula (1-1) 



each R^ Is independentiy 5-indazoly!, e-indazolyl, 5-benzotriazolyl, 5- 
benzothiazolyl, 6-quinolinyl, 5-(1-methyl)indazolyl, 6-(1^ 
methyl)indazolyl, 5-(1-ethyl)indazolyI, 6-(1-ethyl)-indazolyl, 3- 
quinolyl, or 3-isoquinolyl; 

R^ is hydrogen, fluoro, bromo, chloro, methyl, or trifluoromethyl; and 

R^ is hydrogen or methyl, 
and pharmaceutically acceptable satte and prodrugs thereof. 

The present invention also relates to compounds of Fomnula (1-2) 




(1-1) 



wherein 



(1-2) 




wheroin: 



6 
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each is independently 6-indazolyl, 6Hnda2X)lyl. 5-benaotriazDlyI, ^ 
ben2Dthia2Dlyl, 6-quinolinyl, &<1-methyl)inda23olyl, 6-^ 
methyl)indazolyl, 5-(1-ethyl)indazDlyl. &<1-ethyl>-indazolyl. 
quinolyl. or 3-jsoquinolyl; 

R^is hydrogen, fluoro, bromo, chloro, methyl, ortrffluoromethyl; 

R^ is hydrogen or methyl; 

R'^ is hydrogen or methyl; and 

R^ is an optionally substituted moiety selected finom the group oonsistingae 
phenyl, pyridyl, thiophene, furan, -Y(nrmono-ring group or -Y(nrmiiB- 
ring group, said ring group in each case containing 4-18 atoms in fle 
ring and optionally containing 1-4 heteroatoms selected from 
group consisting of N, S, and O; wherein n is 0 or 1, and -Y-ifc 
selected from the group consisting of straight or branched-chato 
C2^alkenyl, -N=CH, and -N=CHCH3; and wherein said substituting 
is selected from the group consisting of halo, -COOR®, -COR®, -CKL 
Or8 ^=o, -NO2, -NR®R^ -CONR^R®. -NR®COR^ -NR^OOFP. 
-NR^02R^ -SO2R®, -SOsNR^Rs. -NR^CONR^ -SR®, -NR^SC^ 
-OR^NR^R®, -N=CF^, and optionally substituted alkyi wherein sai& 
substitution on said alkyI Is selected from the group consisting «f 
-NR^R®. -OR^ fluoro, methenyl, and ethenyl; with tiie proviso thait 
the multi-ring group cannot be benzimidazolyl; 
and phannaceutically acceptable salts and prodrugs thereof. 

The present invention also relates to compounds of Fomnula (1-3) 




(1-3) 



wherein: 



R** is 5-quinotyl or 6-quinolyl; 
R^ is fluoro or trifluoromethyl; and 
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is optional/ substituted phenyl or pyridyl, wherein said substitutbn 
seteded from the group consisting of halo, amino, hydroxy, ao^^j^ 
aliQ^aHGOxy, aikenyl, hydro)^icyi, diall(ylamino, and phenyl: 
and phannaoeirtically acceptable salts and prodrugs thereof. 

The presentanention also relates to the compounds of Fonnula (M) 



Is independently 5-indazDlyl, enndazolyl, 5-benzotiiazolyl, 5- 
benzDlhiazolyl, 6-quinoIinyl, 5-{1-methyl)lndazolyl, &<1k 
methyQmdazolyl. 5-<1-ethyl)lndazolyl. 6-(1-ethyl)-indazDlyl, 3- 
quinolyl, or 3-isoquinolyl; 

R^ Is hydrogen^ fiuoro, chloro, bnomo, methyl, or trifluoromethyl; 

R^ Is hydrogen or methyl; 

R^ is hydrogen or methyl; and 

R^ Is an optionally substituted -Y(n)-molety. wherein n is 0 or 1. Y is 
selected from the group consi^ng of straight- or branched^hain 
CWaftyienyl, -N=CH, and -N-CHCH3. and said moiety is selected 
from flie group consisting of (^doailcyl, phenyl, naphthyl. pyridyl 
thienyi, fiiryl, quinolinyl. benzothiophenyl, benzsothiazolyl, indol-3^ 
and quDioKne-4-thio. said substitution being selected (horn the group 
consislD^ of methyl, ethyl, fluoro, bromo. chloro, trmuoromelhyL 
metho9qrl. methylenedioxyi, sulfonamidyl. morpholinyl, and - 
pyrazinyl; and 

and phamnaceutically acceptable salts and prodmgs thereof. 

The present invention also relates to compounds of Formula (1-5) 




H 



wherein; 



8 
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H 

wherein: 

is &-indazolyi, 6-inda2Soiyi, 5-benzotriazoiyl, 5-benzothiazolyl, & 
5 quinolinyl, 5-<1-methyl)indazolyl, 6-(1-methyl)indazolyl, 5-(1- 

ethyl)mdazolyl, 6-(1-ethyl>Hndazolyl, 3-quinolyl, or3-isoquinolyl; 
is liydrogen, fluoro, methyl, bromo, chloro, trifluoromethyl, -COaCli^ 
-CO2H, and -COmorpholinyt 
R? is hydrogen or methyl; and 
10 is an optionally substiluted -Y(n)Hmono-ring group or optional 

substituted -Y(nrmulti-fnig group, said ring groups in each case 
containing 4-18 atoms in the ring and optionally containing 1-4 
heteroatoms selected from the group consisting of N, S, and O; 
wherein n = 0 or 1, -Y- is -C(CN)-; and wherein said ring group is 
15 selected from the group consisting of optionally substituted phenyl or 

pyridyl, wherein said substitution on said rings is selected from the 
group consisting of tralo, amino, hydroxy, acetyl, alkyi, alkax^, 
alkenyl, hydroxyalkyi, dialkylamino, and phenyl; 
and phanmaceutically acceptable salts and prodrugs thereof. 

20 

Another aspect of the present invention relates to phamiaceutical 
composition containing at least one off the compounds of the present invention. 

The present invention also r^ates to a method for inhibiting kinases such 
as serineAhreonlne kinases in a wanT>-blooded animal in need thereof by 
25 administering at least one of the compounds of the present invention in an amount 
suffteientto inhibit said kinases. 

The present invention also lelates to a method for treating a CDK- 
dependent disorder or disease in a warm-blooded animal in need of same, by 
administering to sakJ animal at least CHie of the compounds of the present 
30 irwentbn in an amount sufficient to inhibit CDK. 



9 
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The present invention further relates to a method for inhibiting cellular 
proliferation in a wanm-blooded animal in need thereof by administering to said 
animal at least one of the compounds of the present invention in an amount 
sufficient to inhibit said proliferation. 

The present invention also relates to methods of treating a wanm-blooded 
animal suffering from cancer or neoplastic disease by administering to said warm- 
blooded animal an effective amount of at least one of the compounds of the 
present invention. 

A still further aspect of the present invention relates to a method for 
modulating apoptosis in a wann-blooded animal in need thereof by administering 
at least one of the compounds of the present invention in an amount sufficient to 
modulate apoptosis. 

in addition, the present invention relates to intermediates used to prepare 
the above compounds of the present invention. 

Still other objects and advantages of the present invention will become 
readily apparent by those skilled in the art from the following detailed description, 
wherein are shown and described prefen^ed embodiments of the invention, simply 
by way of illustration of the best mode contemplated of carrying out the invention. 
As will be realized, the invention is capable of other and different embodiments, 
and its several details are capable of modifications in various obvious respects, 
without departing from the invention. Accordingly, the description is to be regarded 
as illustrative in nature and not as restiictive. 

DETAILED DESCRIPTION OF THE INVENfTION 

Except as expressly stated othenwise, the temi "alkyT, when used alone or 
as part of anotiier tenn, refers to straight- or branched-chain optionally substituted 
hydrocarbon groups containing 1 to 6 carbon atoms; or optionally substituted 
cycioalkyl groups. Examples of suitable straight-chain aikyi groups include methyl, 
efliyl and propyl. Examples of branched-chain alky! groups include isopropyl and 
t-butyl. The preferred alkyi group is methyl. The cydoaHcyl groups typically 
contain 3-6 atoms in the ring and can include up to 2 heteroatoms such as N, S 
and O, and can include unsaturation in the ring. Typical cycloallcyt groups and 
cycloalkyi groups containing hetero atoms in the ring include cyclopropyl, 

10 
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cydobutyl, cyclopentyl, cydohexyl, pyrrolidinyl, 2-pyiToHnyl, imidazolidinyl, 2- 
imidazolinyl, pyrazolidinyl, 3-pyraziriyl, piperidinyl, piperazinyl and morpholinyl. 

The term "alkenyl" refers to straight- or branched-chain optioru% 
substituted hydrocarbon groups containing 2 to 6 carbon atoms comprising am 
cart)on-carbon double bond. Examples of suitabte alkenyl groups are meth^Ql) 
and ethenyl. 

The term "alkoxy" refers to straight- or branched-chain optlonaBs^ 
substituted Ci-Ce-alkyl-O, wherein "alky!" is as defined above. 

The temi "dialkylamino* refers to a nitrogen atom sut>stituted with two aBgfll 
groups, each alkyi being independently as defined above. 

Substitutions for each of the alky!, alkenyl, alkoxy, and dialkylamino groups 
are selected from the group consisling of halo, -COOR^ -COR^, -CN, -OR^ -C=0, 
-NO2, -NR^R^ -CONR^R®, -NR^OR^. -NR^COOR^ -NR^02R^ 
-SOaNR^Rg, -NR®CONR^ -SR«, -NR^Oz, -OR^NR®R^ -N=CR^. and optiondly 
substituted alkyI wherein said sutistitutions on said alkyI are selected from ttie 
group consisting of -NR^R^, -OR*, fluoro, methenyl, and ethenyl. Examples of 
suitable halo groups are chloro. bromo and fluoro. An example of a fluoro 
substituted alkyI is trifluoromethyL Preferably at least one of R^ or R^ is alkyl 
substituted with either halo or hato-substituted alkyl and most preferably one of 
R^ or R^ is alkyl substituted with either halo or halo-substituted alkyl and the other 
of R^ or R^ is hydrogen. 

The term "hydroxyalkyP refers to an alkyl as defined above substituted with 
at least one hydroxy group. 

Examples of fiised bic^clic unsaturated ring groups are 2-quinoiinyl, 3- 
quinolinyl, 5-quinolinyl, 6-quinorinyl» 7-quinolinyl, iHSoquinolinyl, 3-isoquinolinyi, 
isoquinolinyl, 7-isoquinolinyl, 3-cinnolyl, 6-cinnolyl, 7-dnnolyl, 2-quinazolinyl, 4^ 
quinazolinyl, 6-quinazolinyl, T-quinazolinyl, 2-quinoxalinyi, 5-quinoxalinyl, 6- 
quinoxalinyK 1-phthalazinyl, 6-phthalazinyl, 1,5-naphthyridin-2-yl, 1,5-naphthyridnn- 
3-yl, 1 ,6-naphthyridin-3-yl, 1 ,6-naphthyridin-7-yI, 1 ,7-naphthyridin-3-yl, 1 ,7- 
naphthyridin-6-yl, 1,8-naphthyridin-3-yl, 2,6-naphthyridin-6-yl, 2,7-naphthyridin-»- 
yl, indolyl, IH-indazolyl, t)enzotlnazolyl, benzotriazoiyi, purinyl and pteridinyL 
Substitutions for each of the ftised ring groups are selected fix)m the group 
consisting of -NR^R®, -0R& fluoro, methenyl and ethenyl. 

11 
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Examples of mono- and mulfr-ring groups include aryl and bicydic fused 
aryl-cycloalkyi groups. The aryl groups Include an aromatic subsfitueiil which can 
be a single ring or multiple rings (up to three rings) which are fused together or 
linked covalently, directly or via a linker. e.g. methylene, O, S, N, -NR^Qz-, 
5 -COR®, -NR®CO , and -SOz^MR®. The rings may each contain from zero to four 
heteroatoms selected from O and S, wherein the nitrogen and sulfur atoms are 
optionally oxidized, and the nitrogen atom(s) are optionally quat^ized. Non- 
limiting examples of aryl groups include phenyl, 1-naphthyl, 2-naphthyl» biphenyt, 
1-pyrrolyl, 2-pynrolyl, 3-pyrrolyl, 3-pyrazolyl, 2-imidazolyl, 4-imidazolyl. pyrasanyl, 

10 2-oxazolyi, 4-oxazolyl, 5-oxazolyl, 3-isoxa:mlyl, 4-isoxazolyl, 5-isoxazD^I, 2- 

thiazolyl, 4-thiazolyl, 54hiazolyl, 2-furyl, a^uryl, 2-thienyl, 34hienyl, 2-pyridyl, 3- 
pyridyl, 4-pyridyl, 2-pyrimidyl, 4-pyrimidyl, 5-benzothiazolyl, purinyl, 5-flfidolyl, 1- 
isoquinolyl, 5-isoquinolyi, 2-quinoxalinyl, 5-quinoxalinyl, 3-quinoiyi and 6-quinolyl. 
Substitutions for each of the above noted aryl systems include halo, -COOR®, 

15 -COR^ -CN, -OR^ -C=0. -NO2. -NR^^ -CONR®R^ -NR^OR^ -NR?COOR®, 
-NR®S02R^, -SO2R®. -S02NR®R^ -NR^CONR®. -SR^ -NR^Oa, -OR^^R^ 
-N=CR^ and optionally substituted alkyi wherein said substitutions on said alkyi 
are selected from the group consisting of -NR^R®, -OR^ fluoro, methenyl, and 
ethenyl. 

20 The "bicydic fused aryl-cycloalkyl'* groups arc those groups in which an aryl 

ring (or rings) is fused to a cycloalkyi group (including cycloheteroaDcyl groups). 
The group can be attached to the remainder of the molecule through either an 
available valence on the aryl portk>n of the group, or an available valence on the 
cycloalkyi portion of the group. Examples of such bicydic fused aiyl-cycloalkyl 

25 groups are indanyl, benzotetrahydrofuranyl, benzotetrahydropyranyl and 1,2,3,4- 
tetrahydronaphthyl. Substitutk>ns for each of the above noted groups mdude halo, 
-COOR^ -COR^ -CN, -OR^ -C=0, -NO2, -NR®R^ -CONR^R^ -NR^COR^ 
.NR®COOR^ -NR^OaR^ -SQ2R^ -SQaNR^Rg,. -NR^CONR^ -SR?, -NR^SQa. 
-OR^NR^^ -N=CR^ and optionally substituted alkyi wherein saki substitutions on 

30 said alkyi are selected from the group consisting of -NR^R^ Ol^, fluoro, methenyl, 
and ethenyl. 

When a substituted moiety is employed, it can be substituted at one or 
more positions with at least one of the above disclosed groups up to the number 

12 
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of available positions, but typically contain 1-3 substitutions, when substttutool 
When more than one sut>stitution is presenft, the same or different substitufim 
groups can be employed. 

Pharmaceuticalty acceplsdble salts of the compourKls of the above fomiute 
5 include those derived from phanrnaceutically acceptable, inorganic and organ&: 
adds and bases. Examples of suitable acicfe include hydrochloric, hydrobrom^; 
sulfuric, nitric, perchloric, fumaric, maleic, phosphoric, glycolic, lactic, salicydfe; 
sucdnic, toluene-p-sulfonic, tartaric, acetic; dtric, methanesulfonic, fomte^ 
benzoic, malonic, naphthalen&-2-sulfonic, flrifluoroacetic and benzenesuifonfe 
10 . adds. 

Salts derived from appropriate bases indude allcali sudi as sodium and 
ammonia or a salt with an organic base which affords a physiologically acceptable 
cation, for example a salt with methylamsne, dimethylamine, trimethylamin^ 
piperidine, morpholine or tris-(24iydroxyethyl]^ine. 

15 The compounds of the fomiula (I) may be administered in the fomi of a pio* 

drug which is broken down in ttie human or ^imal tx>dy to give a compound of 
the formula (I). Examples of pro-drugs include in vh/o hydrolysable esters of a 
compound of the formula (I). 

An in vivo hydrolyzable ester of a coriiq)ound of the fbmiula (I) containii^ 

20 cart)oxy or hydroxy group is, for example, a pharmaceuticaliy acceptable ester 
which is hydrolyzed in tfie humran or animal body to produce the parent acid or 
alcohol. Suitable phamiaceulicaiiy acceptable esters for cariboxy indude 
alko^^methyl esters, for example methoxynnGlBiyl; Ci-e^aDcano^xymethyl esters^ 
for example pivaloyloxymettiyt phthafidyl esters; CWcydoalkoxycartx)ny!oxy. 

25 Ci^lkyl esters, for exarrqpie 1-cydoh^^carii)onyla)^ethyl; 1,3-dioxolen-2- 
onylmethyl esters, for example 5-me4hyl-1ri3-dioxoler>-2-onylmethyl; and Ct^ 
alkoxycarbonyloxyethyl esters^ for example 1-methoxycarbony!oxyethyl, and may 
be fornied at any carix>xy group bn the oompoiunds of this fovention. 

An in vivo hydrolyzable ester of a compound of the fonnula (I) containing a 

30 hydroxy group indudes inoiganic esters such as phosphate esters and a- 
acyloxyalkyl ethers and related compounds which as a result of the in vivo 
hydrolysis of the ester breakdown to give the parent hydroxy group. Examples of 
a-acyloxyaikyi ethers include sK^etoxymethoxy and 2,2-dimethyipropionyloxy- 
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methoxy. A selection of in vivo hydrolyzable ester forming groups for hydivg 
include alkanoyi, benzoyl, phenylacelyl and substituted benzoyl and phenyiaccQfja.. 
alkoxycarbonyl (to give alkyi caibonate esters), dialkylcariliamoyi and 
(dialkylaminoethyiy-A^lkylcarbamoyl (to give carbamates), dialkylaminoacetyl aooi 
5 carboxyacetyf. Examples of subsfituents on benzoyl include morpholino an^ 
piperazino linked from a ring nitrogen atom via a methylene group to the 3- ot^ 
position of the benzoyl ring. 

Some compounds of the fiDnnula (I) may have chiral centers andbr 
geometric isomeric centers (E- and Z-isomers), and it is to be understood that 
10 invention encompasses all such optical, diastereoisomers and geometric isomacs 
that possess cyclin-dependent kinase (CDK) inhibitory activity. 

The invention relates to any and all tautomeric fonns of the compoundsoE 
the fonnula (I) that possess CDK Inhibitory activity. 

It is also to be understood that certain compounds of the fomiula (I) ami 
15 exist in solvated as well as unsolvated forms such as. hydrated forms. It is to te 
understood that the invention encompasses all such solvated forms whBfe 
possess CDK inhibitory activity. 

The compounds of the present invention can be administered by 
conventional means available for use in conjunction with pharmaceuticals, eithar 
20 as individual therapeutic agents or in a combinatfon of therapeutic agents. ThEsy 
can be administered alone, but generally administered vwth a pharmaceutic^ 
carrier selected on the basis of the chosen route of administration and standasl 
phannaceutical practice. 

The active ingredient can be administered orally in solid dosage fornix 
25 such as capsules, tablets, and powders, or in liquid dosage fonms, such as eWyat^ 
syrups and suspensions. It can also be administered parenterally, 
intravenously, subcutaneously, inframuscularty, intraperitoneally, and locaQr 
(intratumorally) in sterile liquid dosage fonms. The acHve ingredient can also le 
administered intranasally (nose drops) or by inhalation of drug powder mist. Othar 
30 dosage fomis are potentially possible such as administration transdermally, 
patch mechanism or crintmeni 

Fonnulations suitable for oral administration can comprise of (a) liqUU 
solutions, such as an effective amount of the compound dissolved in diluentSi, 

14 
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such as water, saline, or orange juice; (b) capsules, sachets, tablets, lozenges 
and troches, each containing a predetennined amount of the active ingredient, 
solids or granules; (c) powders; (d) suspensions in an appropriate liquid; and 
suitable emulsions. Liquid formulations may include diluents, such as water ami 
5 alcohols, for example, ethanol, benzyl alcohol, propylene glycol, glycerin, and fte 
polyethylene alcohols, either with or without the addition of a pharmaceuUcafl^ 
acceptable surfactant suspending agent, or emulsifying agent Capsule foinis 
can be of the ordinary hard-or soR-shelled gelatin type containing, for example; 
surfactants, lubricants, and inert fillers, such as lactose, sucrose, calcium 

10 phosphate, and com starch. Tablet fonns can include one or more of flie 
following: lactose, sucrose, mannitol, com starch, potato starch, alginic acidl» 
microcrystalline cellulose, gelatin, guar gum, colloidal silicon dioxidfs; 
croscarmellose sodium, talc, magnesium stearate, calcium stearate, zinc stearate; 
stearic acid, and other exdpients, colorants, diluents, buffering agends^ 

15 disintegrating agents, moistening agents, preservatives, flavoring agents, and 
pharmacologically compatible carriers. Lozenge forms can comprise the active 
ingredient in a flavor, usually sucrose and acacia or tragacanth, as well as 
pastilles comprising the active ingredient in an inert base, such as gelatin and 
glycerin, or sucrose and acacia, emulsions, and gels containing, in addition to tte 

20 active ingredient, such caniers as are krK)wn in the art. 

Immediate release tablets/capsules solid oral dosage fomris are made by 
conventional and novel processes. These units are taken orally without water far 
immediate dissolution and delivery of the medication. The active ingredient is 
mixed in a liquid containing ingredient such as sugar, gelatin, pectin and 

25 sweeteners. These liquids are solidified into solid tablets or caplets by freeze 
drying and solid state extraction techniques. The drug compounds may be 
compressed with viscoelastic and thermoelastic sugars and polymers or 
effervescent components to produce porous matrices intended for immediafe 
release, witiiout the need of water. 

30 The compounds of the present invention, alone or in combination wiUi other 

suitable components, can be made into aerosol formulations to be administered 
via inhalation. These aerosol formulations can be placed into pressurized 
acceptable propellents, such as dichlorodifluoromethane, propane, and nitrogen. 

15 
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They also may be formulated as phamnaceuticals for non-pressured preparations, 
such as in a nebulizer or an atomizer. 

Moreover, the compounds of the present invention can be administered in 
the forni of nose drops, or metered dose and a nasal or buccal inhaler. The dwg 
5 is delivered from a nasal solution as a fine mist or from a powder as an aerosol 
The foregoing description of the invention illustrates and describes the present 
invention. 

Formulations suitable for parenteral administration include aqueous and 
non-aqueous, isotonic sterile injection solutions, which can contain anti-oxidants» 

10 buffers, bacteriostats, and solutes that render the formulation isotonic with the 
blood of the intended recipient, and aqueous and non-aqueous sterile 
susper)sions that can include suspending agents, solubilizers, thickening agente, 
stabilizers and preservatives. The compound can l>e administered in a 
physiologically acceptable diluent in a phannaceutical canier, such as a sterile 

15 liquid or mixture of liquids, including water, saline, aqueous dextrose and related 
sugar solutions, an alcohol, such as ethanol, isopropanol, or hexadecyl alcohol, 
glycols, such as propylene glycol or polyethylene glycol such as poly 
(ethyleneglycol) 400, glycerol kelals, such as 2,2-dimethyl-1,3-dk)xolane-4- 
methanol, ethers, an oil, a fatty acid, a fatly ackJ ester or glyceride, or any 

20 acetylated fatty acid glyceride with or without the addition of a phannaceuticaliy 
acceptable surfactant, such as a soap or detergent, suspending agent such as 
pectin, cari[)omers, methyicellulose, hydroxypropylmethylcellulose, or 
caritx>xymethylcellulos, or emulsifyirig agents and other phannaceutical adjuvants. 
Oils, which can be used in parenteral fomiulations include petroleum, 

25 animal, vegetable, or synthetic oils. Specific examples of oils include peanut, 
soybean, sesame, cottonseed, com, olive, petrolatum, and mineral. Suitable fatty 
acids for use in parenteral formulations indude oleic acid, stearic ackl, and 
isosteric acid. Ethyl oleate and isopropyl myr^te are examples of suitable fatty 
ackl esters. Suitable soaps for use in parenteral formulations include fatty alkali 

30 metal, ammonium, and triethanolamine salts, and suitable detergente include: (a) 
cattonic detergents such as, dimethyklialMammonium halkles, and 
alkylpyridinium halides, (b) anionk: detergents such as, alkyi, aryl, and olefin 
sulfonates, alkyI, olefin, either, and monoglyceride sulfates, and sulfosuccinates, 

16 
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(c) nonionic detergents such as, fatty amine oxides, fatty add alkanolamides, 
poiyo)9i^hyfene polypropylene copolymers, (d) amphoteric detergents such 
aDcyl ^^inopropionates, and 2-all^limidazoline quaternary ammonium salts, ami 
(e) mixtuies thereof. 

5 The parenteral fonnulations typically contain from about 0.5% to at)out 25i& 

1^ weight of the active ingredient in solution. Suitable preservatives and buffess 
can be used in such formulations. In order to minimize or eliminate irritation at Ihe 
site of injection, such compositions may contain one or more nonionic surfactants 
having a hydrophile-lipophile balance (HLB) of from about 12 to about 17. Tlie 
10 quantity of surfactant in such fomnulations ranges from atxHJt 5% to about 15% fay 
weight Suitable surfactants include polyethylene sorbrtan fatty acid esters, such 
as sorbitan monooleate and the high molecular weight adducts of ethylene oxide 
with a hydrophobic base, fomried by the condensation of propylene oxide wtti 
propylene glycol. 

15 Formulations suitable for topical administration include lozenges 

comprising the active ingredient in a flavor, usually sucrose and acacia or 
tragacanth; pastilles comprising the active ingredient in an inert base, such as 
gelatin and glycerin, or sucrose and acacia; and mouthwashes comprising the 
active ingredient in a suitable liquid carrier; as well as creams, emulsions, and 

20 gels containing, in addition to the active ingredient, such cam'ers as are known in 
the art 

Additionally, fonmulations suitable for rectal administration may be 
presented as suppositories by mixing with a variety of t>ases such as emulsifying 
bases or water-soluble t>ases. Formulations suitable for vaginal administration 

25 may be presented as pessaries, tampons, creams, gels, pastes, foams, or spray 
Ibnnulas containing, in addition to the active ingredient, such carriers as are 
known in the art to be appropriate. 

The pharmaceutically acceptable earners described herein, for examplQ. 
vehicles, adjuvants, exdpients, or diluents, are welHcnown to those who are 

30 skilled in the art. Typically, the pharmaceutically acceptable canier is chemically 
inert to the active compounds and has no detrimental skie effects or toxidly under 
the conditions of use. The phammaceutidally acceptable carriers can indude 
polymers and polymer matrices. 

17 
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Pharmaceutically acceptable excipients are also wefl-known to those vim 
are skilled in the art. The choice of exdpient will be detennined in part by ttne 
particular compound, as well as tfie particular method used to administer 9m 
composition. Accordingly, there is a wide variety of suitatile IbnmulaUons of ttie 
5 phamiaceutical composition of the present invention. The MIowing methods anzl 
excipients are merely exemplary and are in no way limiting. The phamiaceuticaly 
acceptable excipients preferably do not interfere with the action of the active 
ingredients and do not cause adverse side-effects. Suitable earners and 
excipients include solvents such as water, alcohol, and propylene glycol, sold 

10 absori^nts and diluents, surface active agents, suspending agent, tableting 
binders, lubricants, flavors, and coloring agents. 

Suitable pharmaceutical earners are described in Remington*s 
Pharmaceutical Sciences, Mack Publishing Company, a standard reference text m 
this field, incorporated by reference. 

15 The formulations can be presented in unit-dose or muKi-dose seated 

containers, such as ampoules and vials, and can be stored in a freeze-dried 
(lyophilized) condition requiring only the addition of the sterfle liquid excipient, fbr 
example, water, for injections, immediately prior to use. Extemporaneous 
injection solutions and suspensions can be prepared fiom sterile powders, 

20 granules, and tablets. The requirements for effective phamiaceutical caniers for 
injectable compositions are well known to those of ordinary skBI in ttie art See 
Pharmaceutics and Pharmacy Practice, J.B. Lippincott Co., Philadelphia, PA, 
Banker and Chalmers, Eds., 238-250 (1982) and ASHP HandtxMk on Injectable 
Dmgs, Toissel, 4* ed.. 622-630 (1986). 

25 The dose administered to an animal, particulariy a human. In the context of 

the present invention should be sufficient to effect a therapeutic response in the 
animal over a reasonable time frame. One skilled in the art will recogni:^ that 
dosage will depend upon a variety of facfors including a condition of the animal, 
the body weight of the animal, as well as the severity and stage of the cancer. 

30 A suitable dose is that which will result in a concentratton of the active 

agent in a patient which is known to effect the desired response. The preferred 
dosage is the amount which results in maximum inhibition of cancer, without 
unmanageable side effects. The dosage administered will, of course, vary 
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depending upon known factcMrs, such as the phamiacodynamic characteristics of 
the particular agent and its modearal route of administration; the age, health an^ 
weight of the recipient; the nataoe and extent of the symptoms; the kind off 
concunent treatment; the frequeray of treatment; and the effect desired. The met 
of the dose also will be detemined by the route, timing and frequency d 
administration as well as the eixis&&nce, nature, and extent of any adverse sife 
^fects that might accompany the administration of the compound and the destal 
physiotogicai effect. A daily dosage of active ingredient can be expected to te 
about 0.001 to 1000 milligrams (wg) per kilogram (kg) of body weight with 
prefened dose being 0.1 to aboutSD mg/kg. 

Dosage forms (composilions suitable for administration) contain from about 
1 mg to about 500 mg of actiwe mgredient per unit In these phannaceutfcal 
compositions, the active ingredient will ordinarily be present in any amount cff 
about 0.5-95% weight based on the total weight of the composition. 

General Pireparative Methods 
Compounds of formula (I) may be prepared as illustrated in the Generi 
Reaction Schemes shown below. In the staictures shown below, R\ R^, R*. 
R^, and R® are independently selected and have the definitions as described 
above. 

Reaction Scheme 1 
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Specifically, a 5.6-clisubstttiJted uradi (li) may be converted to a 2,4- 
dlchloro-5,6-disubstitLited pyrimidine intermediate of formula (III). This key 
intemiediate is allowed to react with heating up to 120X» as shown in Reaction 
Scheme 1 , with amines of type R^I^H in a protic solvent such as n-butanol, for 1 
to 3 days, with the optional presence of an acid such as aqueous HCI, or a base 
such as Na2C03, to provide compounds of the Invention of the type depicted as 
formula (la). Compounds of the invention of fomiula (lb) and (ic) may be prepared 
by conducting similar reactions In a stepwise manner. For e^cample, tiie first step 
is conducted in base to give either ttie compound of fonmila (IV) or fomnula (V). 
depending on tiie amine of type selected (R'^R^NH or R*I^H) as co-neactant 
Subsequent reaction of (IV) or (V) with a second amine of type R^R^NH or 
R^R^NH, witii heating and add catalysis, provides the compounds of formula (lb) 
or (Ic), respectively. Intemiediate (V) is reacted with hydrazine followed by 
reaction with appropriate aryl aldehyde to compounds of tiie formula -(Id). 

20 
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Reaction Scheme 2 
CN 




(Via) 



ArCHzCN 
NaH 



CI 




N 
(III) 
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(IV) 



R^R^NH 
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R%(OH)2 
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R* 
(VIb) 



R^R*NH 
H+ 



1^. 



^N^NR^R* 



(W) 



Ar = aryl □rheteroaryi 



(ig) 



5 Compounds of the invention of fonnula (le), (If) and (Ig) are also prepared 

from the intemiediate of fonnula (III) as shown in Reaction Scheme 2. For 
example, reaction of (III) with a nitrile, represented by A1CH2CN, where Ar is a aryl 
or heteroaryl radical, in the presence of a strong base such as NaH. provides the 
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chloropyrimidine of formula (Via); reaction of (Via) with an amine of type R^R^rBft. 
as previously described In Reaction Scheme 1. gives the compound of te 
invention of fomnula (le). 

Intemfiediate (III) may react under a Suzuki-type coupling conditions ^ 
5 palladium catalyst, and a base such as Na2C03) with a boronic acid of tft^ 
R*B(OH)2 to give a chloropyrimidine of fonmula (VIb). This fonmula (Vii| 
compound may urxiergo reaction with an amine of type R'"R®NH, as previou^^ 
described in Reaction Scheme 1, to give the compounds of the invention ciff 
formula (If). 

10 The compound of formula (IV), as previously descrit>ed In ReadfeBft 

Scheme 1, may be allowed to react with a boronic acid of type R'*B(OH)2 under 
the Suzulcl-type coupling conditions descrit>ed abowe to give the compound of Ite 
invention of fomnula (Ig). 

15 Reaction Scheme 3 




Another type of compound of the invention, formula (Ih), is prepared as 
shown in ReacBon Scheme 3. In this scheme, a ketone of fonmula (VII) (wherein 
R- is methyl, methoxy, -OCH2-O-, fluoro. CN, or NQ2) reacts with DMF- 
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dimethylacetal of formula (VIII) in a refluxing solvent such as toluene to give am 
enaminone intermediate of fDmiula (IX). A guanldine of fonnula (XII) is ato 
prepared from an amine offonrnHa (XI) and the reagent of fonnula (X) by heaftgi 
the two together in a higher boiling solvent such as toluene/acetic acid mixtures. 
Reaction of the enaminone (IX) wBh the guanidine (XII) in a protic solvent such ffi; 
methanol and a base such as sodium methoxide gives the compound of 
invention of fonnula (Ih). 

Reaction Scheme 4 



1. BuLi o 



ArBr 
(XIII) 




F 



Ketones of formula (VII) that are not commercially available niay be 
conveniently prepared by the method illustrated in Reaction Scheme 4. An aryl or 
heteroaryl bromide of fomnula pOII) may be converted to an aryllithium 
intermediate by halogennnetal exchange with butyllithium; reaction of the 
intermediate with an amide such as the compound of formula (XIV) provides the 
confBsponding ketone of fonnula (XV). 

Additional compounds of fonnnula (I) may be prepared from other fonnula (I) 
compounds by elaboration of functional groups present Such elaboration 
includes, but is not limited to, hydrolysis, reduction, oxidation, alkylation, acylation. 
esterification, amidation and dehydration reactions. Such transfonnations may in 
some instances require the use of protecting groups by the methods disclosed in 
T. W. Greene and P.G.M. Wuls, PMective Groups in Organic Synttiesis (Wiley. 
New York. 1999), incorporated herein by reference. Such metiiods would be 
initiated after syrthesis of the desired compound or at another place in the 
syntiietic route that would be readiy apparent to one skilled in tiie art 



23 



wo 03/030909 



PCTAJS02/30616 



Experimental Examples 

The following specific preparative examples are included as illustrations a& 
preparation of specific compounds of the invention, and are not to be construed as 
5 limiting the scope of the invention in any way. 

LC-MS instrumentation: 

(a) a Gilson HPLC system equipped with two Gilson 306 pumps, a Gilsm 
215 Autosampler, a Gilson diode anay detector, a YMC Pro 018 column (2 x 

10 23mm, 120 A), and a Micromass LCZ single quadrupole mass spectrometer vA 
2-spray electrospray ionization. Spectra were scanned from 120-800 amu o>«r 
1.5 seconds. ELSD (Evaporative Light Scattering Detector) data was ato 
acquired as an analog channel. 

(b) a Hewlett-Packard 1100 HPLC equipped with a quaternary pump, a 
15 variable wavelength detector set at 254 nm, a YMC pro C-18 column (2 x 23 mn^, 

120A), and a Finnigan LCQ ion trap mass spectrometer with eiectrospragf 
ionization. Spectra were scanned from 120-1200 amu using a variable ion Wrm 
according to the number of ions in the source. 

20 HPLC conditions: 

Method 1, Eluents were A: 2% acetonitrile in water with 0.02% TFA, and ft: 
2% water in acetonitrile with 0.02% TFA Elution conditions consisted of a flow 
rate of 1.0 mL/min with an initial hold at 10% B for 0.5 min, followed by gradient 
elution from 10% B to 95% B over 3.5 min, followed by a final hold at 95% B for 

25 0.5 min. Total run time was 6.5 min. 

Method 2. Eluents as above; elution at a flow rate of 1.5 mL/min with an 
initial hold at 10% B for 0.5 min, followed by gradient elution from 10% B to 90% B 
over 3.5 min, followed by a final hold at 90% B for 0.5 min. Total mn time was 4.8 
min. 
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Abbreviations and Acronyms 

When the following abbreviations are used herein, tiiey have tiie following 
meaning: 
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AC2O ac^ anhydride 

anhy anhydrous 

BOC feif-biJb»^carbonyl 

n-BuOH r>-biJianol 

5 f-auOH ferHbutanol 

f"£uOK potassium feif-butoxide 

CDI carbonyl dnmidazole 

CD3OD mefthanok/4 

Celite® diatomaceous earth filter agent, ^Celrte Corp. 

10 CI-MS chemical lonization mass spectroscopy 

cone concentrated 

Dec dicydohexylcarbodiimide 

DCM dichloromethane 

DEAD diethyl azodicari^xylate 

15 dec decomposition 

DIA diiso^MnDpyl amine 

DIBAL diisobutyialuminum hydroxide 

DMAP 4-(N,W<limethylamino)pyidine 

DME dimethoxyethane 

2D DMF A/,Aklimetiiytfbnnamide 

DMSO dim^ylsulfoxide 

EDCI 1-(3<lim^ylaminopropyl)-3-ethylcarix)diimide 
h^rochloride 

ELSD evaporative Tight scattering detector 

25 ES-MS electrospray mass spectroscopy 

EtOAc ethyl acetate 

ElOH ethanol (100%) 

EtSH ethan^hiol 

EtzO diethyl ether 

30 EbN triethylarrane 

GC-MS gas chromatography^mass spectroscopy 

h hour 

HPLC high perfbnnance liquid chromatography 
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IPA isopropylamine 

LAH lithium aluminum hydride 

LOMS liquid chromatography-mass spectroscx)py 

LDA lithium diisopmpylamide 

ntlz mass-to-charge ratio 

MeCN acetonltrile 

NBS N- bromosuccinimide 

NMM 4-methylmorpholine 

PdCbdppf [1 ,1 '-bis(diphenylphosphino)fenrocene] 
dichloropalladium(ll) 

Pd(OAc)2 palladium acetate 

P(0)Cl3 phosphorous oxychloride 

PS-DIEA Polystyrene-bound diisopropylethyiamine 

Rf retention factor (TIC) 

RT retention time (HPLC) 

ft room temperature 

TEA triethylamine 

THF tetrahydrofuran 

TFA trifluorDacetic add 

TFFH Fluoro-A/,A/,A/',W4etramethylforTnamldinium 
hexafluorophosphate 

TLC thin layer chromatography 

TMAD MA/,A/',N'-tetramethylethyfenediamine 

TMSCI trimethylsilyl chtoride 



Preparation of 2,4-dichloro-5-substituted iivrimldlne startinq materials: 
Preparation of 2,4-dichtoro-5-(trifluorDrnethvl)Dvrimidine 

CI 




POCI3 (25 mL) was mixed with DMF (0.5 mL). After the nrrixtuie cooled to 
room temperature, 5-trifluoromethyi uracil was added and the resuled mixture 
was heated to HO^'C overnight The reaction mixture was then coobd to room 
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temperature again and added slowly to voe water. The aqueous solution was then 
extracted by dichloromethane. The exbads were dried over magnesium sulfate 
and evaporated to dryness. The crude product was purified by preparative TUC 
(20% EtOAc in methylene chloride) to gme 585 mg of the object compound. 

Using this procedure and the appropriately substituted uracils as starting 
materials, 2,4-dichloro-54luoiowrimidiiie, 2,4-dichloro-54)romopyrimidine arvl 
2,4-dichloro-5-methylpyrimidnrie were sindariy prepared. 

Exancrie 1 

. Preoaratfon of N-^6<iuinoBfwlVAH2-f6-QuinolinvlaminoV5"ftrifl 

pfyrimidinwHamine 



To an 8-mL vial was added 6-anninoqulnoline (1.67 mmol), 2,4-dichloro-5- 
trifluoromethylpyrimidine (0.67 mmol), tatenol (5 mL) and NaaCOa (2 equiv). The 
mixture was heated to 120**C for 3 days^ followed by evaporation to dryness. The 
residue was then dissolved an DMF aovl separated by preparative TLC (5% 
methanol in dichloromethane^ LOMS:RT2.07; [M+H]*433. 

Bcample 2 

Preparation of /V-f 1-methv^1/findazol-6-vlVAK5-methvl-24(1-rne^ 

&-vl)aminoM-Pvrimidinvftamine 
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To an 8-mL vial was added (1-methylHrKla2ole-6-amine, 0.245 g, 1.67 
mmol), 2,4KJichtoro-54rifluoromethylpyrimidine (0.11 g, 0.67 mmol), f7-butanol (5 
mL) and HCI (0.1 N, cat anrK>unt). The mixture was heated to 120 for 3 days, 
followed by evaporation to dryness. The residue was then dissolved in DMF and 
separated by preparative TLC (5% methanol in dichloromethane). LOMS: RT 
1.64 min;[M + H]* 388. 



Examole 3 

Preparation of AK54luoro-2"(1HHndazol-6"Vlanfiino>4-Dvrimidinvll"AM1Wnd 

6vl)amine 




A mixture of 2, 4-dichloro-5-fluon>pyrimidine (16.6 mg, 0.1 mmol) and 6- 
amlnoindazole (39.9 mg, 0.3 mmol) In n-BuOH (2-3 mL) was heated at 120 ""C 
with shaking for 48 h. The mixture was cooled to room temperature and purified 
by prep-TLC. LOMS: RT 1.73 min; [M+Hf 361. 

Example 4 

Preparation of N^1HHndazol-^-vlVA/42"(1 WridazDl-6-vlamirioV5H^ 

pvrimidinvnamine 
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A mixture of 2,4-dichbro-6Hfnethylpyrimidme (2.50 g, 9.6 mmol), 
aminoindazole (3.2 g, 24.1 mmol) and catalytic amount of IN HCI In at-BuOH was 
heated to IIO^'C for 24 h. The solvent was removed by evaporation undar 
reduced pressure. The crude product was purified by silica gel column (gradient, 
ethyl acetate/hexane, 50/50 to 90/10) to afford the object compound (2.95 g, 671^ 
as an off-white powder. HPLC/MS: (M+H)^ 357.48 /n/z. Retention tine 
(HPLC/MS) = 1.98 min. NMR (DMSOde): 612.86 (1H, s); 12.61 (1H. s); 9.14 
(1H. s); 8.43 (1H, s); 8.11 (1H, s); 7.99 (2H. d); 7.86(2H. s); 7.70 (1H. d); 7.51(2HL 
m); 7.37 (1H. d); 2.15 (3H, s). 

Examples 

Preparation of A/45K)hlorO"2-(1H-indazol"5-vlaminoV4H3vrimidinvn"N-f1 W 



A mixture of 2,4,5-trichlorD-pyrimidlne (200 mg, 1.09 mmol), 5- 
aminoindazole (363 mg, 2.72 mmoO and catalytic amount of 1N HCI was heated 
to 120 **C for 24 h. The solvent was removed by evaporation under reduced 
pressure. The crude product was purified by silica gel column (gradient, ethyl 
acetate/hexane, 50/50 to 8/20) to afford tfie target compound) (102mg, 25%) as 
yellow powder. HPLC/MS: (M+H)^ 377 m/z. Retention time (HPLC/MS) = 1.86 
min. 



5"Vl)amine 

H 
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Example 6 

Preparation of A^2-5<lichloro-4-DvrimidinvlV1Wndazol^-amine intermediateE: 



In a 250 mL round bottom flask was placed 2,4,5-tilchloropyrimidine (5.03^ 
27.2 mmol), sodium carbonate (17.3 g, 163.2 mmol) and 6-aminolndazole (3.63®. 
27.2 mmol) in 136 mL of ethanol. The reaction mixture was stinted at rotm 
temperature overnight An insoluble white solid was filtered, suspended in wafter 
(50 mL), stirred at room temperature for 1-2 h and then filtered, washed vi&i 
acetonitrile and dried in an oven to provide 6.41 g of the desired compound. 

An additional 0.5 g was recovered from the filtrate. Total yield was 90.7?^ 
GC/MS 280.2 (M+1) RT = 2.38 min; ^H-NMR (DMSOde) 5 13.061 (s. 1H); 9.5^8 
(s, 1H); 8.382 (s, 1H); 8.020 (s. 1H); 7.850 (s, 1H); 7.705-7.735 (d, 1H); 7.2SZ^ 
7.302 (d.lH). 

Example 7 

Preparation of /V"(5-chlorO"2"r(3-Ghlorophenvl)amino1-4-DvrimidinvlVA/-^1H-inda2^ 

6-vltemine 



In a 8 mL vial were placed A/-(2,5-dichloro-4-pyrlmidinyl>-1AfHndazol-S- 
amine from Example 6 (64.4 mg, 0.23 mmol), 3-chloroaniline (58.7 mg, 0.46 
mmol) and 1 mL of IN HCI solution. The vial was capped under argon and 
shaken at 100 overnight. Upon cooling, white solid crystallized out of solution 
and was simply removed by filtration. The crude white solid was dissolved in 
methanol, absorbed on silica gel, dried, and chromatographed with 
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CHaClz/methanol (100/2) to provide 44 mg of a white solid target compound (5t5 
%). GC/MS 371.3 (M+1) RT = 2.73 min; ^H-NMR (DMSO-cfe) 6 12.962 (s. IHfc 
9.531 (s. 1H); 9.075 (s, 1H); 8.262 (s, 1H); 8.003 (s. 1H); 7.706-7.765 (m. «^ 
7.646 (s, 1H); 7.468-7.488 (d, 1H); 7.309-7.349 (d, 1H); 7.012-7.071 (t, 11% 
5 .6.813^.853.(d,1H). 



Example 8 

Preparation of A(-r5-fluoro-2-(3-aufnolirivlaminDV4-Dvrimidmvn-A/-f6- 

quinolinvt)amine 





10 H 

In a 15 mL round t>ottom flask were placed AK2-chloro-5-fluoror4^ 

pyrimidinyl>6-quinolinamine (63.2 mg. 0.23 mmol, oMalned by the method of 

Example 6), 3-aminoquinoline (66.3 mg, 0.46 mmol), 1.5 mL of 1-butanol and Ol5 

mL of IN HCI solution. The mixture was healed at 128-130 ""C ovemight The 

15 reaction mixture was evaporated to dryness and the residue was dissolved h 
methanol, absort)ed on silica gel, dried and chromatogrephed wBh 
CHzCb/methanol (100/5) to provide 36.7 mg of a while solid of the target product 
(44%). GC/MS 383.4 (M+1) RT = 1.89 min; ^H-NMR (DMSO-de) 6 9.821 .(s, 2H)c 
9.012 (s, 1H); 8.805 (s. 1H); 8.635 (s, 1H); 8.504 (s. 1H); 8.278 (s, 1H); 8.05a- 

20 8.146 (m, 2H); 7.976-8.014 (d, 1 H); 7.864-7.920 (d.lH); 7.373-7.525 (m, 4H). 



Example 9 

Preoaration of /V-(5-fluoro-2-hvdrazina4-pviimidinvl>-6-Quinolinamine intermediate 




H 

25 In a 25 mL round tx)ttom flask was placed 2,4-dichloro-5-fluoropyrimidine 

(1.0 g, 6.0 mrnol, 1 equiv) and 6-aminoquinoline (0.95 g, 6.6 mmoi, 1.1 equiv) in 
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10 mL of THF- To this was added KsCO^ (0.83 g, 6.0 mmol, 1 equiv) and 2 mL of 
H2O. Itns was heated to 60 ""C overnight at which point TLC revealed no 
remaining sCarting material. The volatiles were removed under reduced pressure 
and the lesidue allowed to stir in 50 mL of H2O. The remaining solids were 
filtered fcipovide 1.84 g of W-<2-Kdilort>^uoro-4-pyrimidinyl>^uni as 
a white sqDeL ^H-NMR (300 MHz. DMSCMd 6 7.50 (dd. 1H), 8.02 (m. 2H). 8.27 
(d, 1H). 8J»(m, 1H). 8.40 (d. IH), 8.81 (dd. 1H), 10.30 (s. 1H); LC«/IS/+esi 275.4 
[M+H]*. 

In a SO mL round-bottomed flask was placed 1.0 g (3.6 mmol) of 1^2- 
chloro-5*Bifo-4-pyrimidinyl)-6-quinollna^^ in 18 mL of EtOH. To this was 
added 0.73 g (14.5 mmol, 4 equiv) of hydrazine monohydrate and the reaction 
was allowQit to reflux ovemight. The reacBon was allowed to cool to room 
temperatue and 20 mL of H2O vras added, resulting In a white precipitate. This 
was filtered to yield 0.78 g of the desired pure compound as a white solid. ^H- 
NMR (30QMHZ, DMSOdg) 5 3.85 (brs, 2H), 7.08 (dd. 1H), 7.52 (m, 2H). 7.66 (m. 
2H), 7.91 P» 1H), 8.35 (m, 1H), 8.47 (d. 1H), 9.16 (s. 1H); LC/MS/+esi 271.5 
[M+Hr. 



Preoar^n of derivatives of benzaldehvde r5-fluoro'4-(6-Qurnolinvlamino)-2- 



In aSmL amber vial was placed AK5^fluoro-2-hydrazina4-(^midinyl)&- 
quinolinaniiie prepared according to Example 9 (50 mg, 0.19 mmol) in 2 mL of 
anhydrous BOH. To this was added 0.20 mmol (1 . 1 equiv) acetophenone. and 
the vial waseapped under aigon and shaken on a reflux block for 0.5 h. This 
resulted in pecipitate fomnatkin. The soMs were filtered and rinsed with EtOH to 
provide theuoire desired product in 70-80% yieU. LC-MS: RT: 2.19 min. 



Example 10 



PvrimMinvnhvdiazone 
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Example 1 1 



Pteparation of A/'-(5-bromO"2KiitorD-4-PVrimidinvl)-6HiuinoH intermediate 



To 2,4-dichloro-5-bnDmopyrimidine (10 g, 44 mmol) in ethanol (100 mL) 
was added &-aminoqulnoline (6.33 g, 44 mmol) and sodium carbonate (28 g, 0.26 
mol) at room temperature. The reaction was stirred for 18 h and then quenched 
wfth water (100 mL). Diethyl etfier (300 mL) was added to the mixture resulting in 
the formation of a precipitate. The solids were filtered then washed with water (50 
mL) and diethyl ether (200 mL). The tan powder was dried to yield 12.5 g of the 
target compound (37 mmol, 85%). The product was taken directly to the next 
step. 

Example 12 

PiBParation of A/-f 5-brornc>>24(2-fluorophenvlkimino1-4-43vrhnriidinv^ 

qutnolinvnamine: 



To A/-<5-bromo-2-chbro^4-pyrirrudinyl)-6-qumolinamine obtained acoording 
to the mettiod of Example 1 1 (100 mg, 0.30 mmol) in butanol (2 mL) was added 2- 
fluoroaniline (80 mg, 0.31 mmol), followed by IN HCl (2 mL). The reaction was 
heated to 1 15 ^'C for 26 h. The reaction was cooled to room temperature and then 
concentrated to yield the crude product The product was chromatographed with 
20% ethyl acetate in hexane yielding the target compound as a tan powder (65 
nrig. 52%). Rf = 0.61 (CHsChfMeOH = 95/5). ''H NMR (DMSOdg) 6 9.42-9.45 
(2H. m), ), 9.09-9.12 (1H, m), 8.73^.78 (1H, m), 8.63 (1H. s), 8.21-8.38 (3H. m). 
7.94-7.98 (1H, dd, J = 1.2. 2.7HzX 7.55-7.62 (1H. m), 6.97-7.21 (3H. m). 
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Bcample 13 

Preparation of the mixture of two intermediate isomers: 2'<Jilon>W4" 

methoxyDhenvl)-5-ftrffluorornethvlV4-Pvrimidinamine (A) and 
4K)hlorD"N-<4-methoxvDhenvlV6-(trrfluorometlivlV2^ fB) 




(A) (B) 

A suspensbn of 2,4<lichioro-5-trffluoromethylpyrimidine (3.90 mmol» 1 
equiv), 4HDethoxyaniiine (3.90 mmol, 1 equiv), and sodium carbonate (16.6 mnnot, 
6 equiv) in 10 mL of ethanoi was stinred at room temperature overnight The 
reaction was diluted with ethyl aceterte and water. The layers were separated, and 
the organic layer was washed with brine, dried over magnesium sulfiate, filtered 
and concenfarated. The resulting residue was purified by flash column 
chromatography (20% ethyl acetate in hexane) which gave a mixture of (A) and 
(B). Total yield 95%. 



Example 14 

Preparation of the mixture of two isomers: A/-f4"methoxvDhenvlVA^f2-(6" 
quirK>linvlaminoV5-(trifluorDrnethvlV4-pvrimidinvllamine (C) and N^4- 
methoxvphenvlV/V-f4-(6-quinolinvlaminoV54trifluoromethvlV2H)vri 

m 




H 



(C) (D) 

A suspension of isomeric modure of (A) and (B) obtained according to 
Example 13 (0.33 mmol, 1 equiv) and 6-aminoquinoline (0.66 mmol, 2 equiv) in 
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Z7 mL of butanol and 1.3 mL of IN HCi was shaken at 120 ""C overnight. Ite 
leacSon was concentrated, and the isomers (C) and (D) were separated by HPLSI 
purification on a funnel and washed with cold EtDH and dried in vacuo. 

Example 15 

Preparation of N"(5-fluon>2-r(3-fluorDphenvl)aminoM-PvrimidinvlVN-(6- 

quinolinvl)amine 



AK2-<5hloro-5-fluorc>^pyrimidinyl)-6-quinolinamine, (1 equiv) obtained by 
the method of Example 6 from 2,4<lichIono-5-fluoropyrimidine and 6- 
quinolinamine, and S-fluoroanlline (2 equiv) were suspended in n-BuOH aiHt 
heated at 120 ""C ovemight for 2 days. The pure product was obtained by column 
Chromatography. LC-MS: RT 1.64 min; [M+H]* 350. 

Example 16 

Preparation of 442-r(5-bromo-2-chlonc>-4-pvrimidinvl)amino1ethvll- 
benzenesuHbnamide intermediate 



A solution of 4-(2-aminoethyl}benzenesuHbnamide (1.7 g, 8.5 mmol), 5- 
bromo-2,4-dichloropyrimidine (1.8 g, 7.9 mmol), and sodium carbonate in ethanol 
was stirred at rt ovemight LC-MS showed the major peak as the desired product 
The solvent was removed in vacuo. The residue was added to water, and 
extracted with ethyl acetate several times. The organic layer was dried over 
magnesium sulfate and filtered. The solution was e>^porated until a small amount 
of solid precipitated out. After standing at rt for several h, more solid crystallized 




H 
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out LC-MS shows two regioisomers. The material was then recrystallized from 
ethyl acetate to give the desired regioisomer (1 .2 g, 31 %). 

Example 17 

Preparation of 3"r5-fluoro-4^6-^uinolinviamino V2'Pvrimidin¥^ 



W-<2-Chloro-5-fluoro-4-pyrimidinyl)-6-quinolinamine (1 equlv), obtained 
from 5-fluoro-2, 4-dichloro-pyrimidine and 6-quinolinamine by the method of 
Example 6, was treated with 3-fonnylphenylboronic add (1^ equiv) in the 
presence of PdCWppf (0.06 equiv) and Na2C03 (2 equiv), in ^hylene glycol ether 
and water (4:1 v/v) at 60 ""C for 2-6 h. The reaction mixture was evaporated to 
dryness. The residue was purified by silica gel chromatography (EtOAc-Hexane) 
to give the pure product. LCMS: RT 1 .93 min; [M+H]* 345. 

Example 18 

Preparation of 4-f24r5-bromo-2-(1HHndol-5-vlaminoV4H3vrim^ 

ethvDbenzenesutfonamide 



A solution of 4-{2-[(5-bromo-2-chloro-4-pyrimidinyl)amino]ethyl" 
benzenesulfonamlde (50 mg, 0.13 mmol), 1H-inda2ol-5~amine, and a catalytic 
amount of hydrochloride acid in 1~butanol (3 mL) was heated at 115 °C overnight. 
Some yellow solid precipitated out. The solution was filtered. The filtrate was 
washed with a small amount of methanol and ethyl acetate to give a yellow solid 
(42.3 mg. 68.0%). 
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Example 19 
Preparation of 2-KrfilQW>4^»g{4"m 




To a solution of 4HrmrphBd&x)aniline (0.535 g, 3.00 mmol) in ethanol (ZBB 
mL) was added 2,4-dichloro-&fli^sylpyrimidine (0.978 g, 6.00 mmol) and NaaCX}^ 
(1.59 g, 15 mmol). After mixongat room temperature for 72 h, the reaction 
concentreted in vacuo. The sofitls were washed with hexanes (3x10 mL) and 
water (10 mL), filtered, and dried cinder high vacuum to afford the title compound 
(0.894 g, 97% cmde yield) as asffghtly purple solid. HPLC/MS: (M+H)"^ 305^88 
rsJz. Retention time (HPLC/MSJ=0.37 min. 



Example 20 

Preparation of 2-A/-5'-aminQtndte)le-4--(4-morpholinophenvlV6-methvlPvrimidine 




H 



To a solution of 2-cWhro-4-AK4-morpholinophen^)-6HTiethy^ 
obtained according to the processof Example 19 0.305 g, 1.00 mmol) in n-butand 
(10 mL) was added 5-aminoindteale (0.266 g, 2.00 mmol) and HCI (4.0M in 1,4- 
dioxane, 50 ^iL, 0.20 mmoIX Tlie mixture was heated to 115 for 16 h. Upon 
cooling to room temperature, flns precipitate was filtered and nacrystallized from 
EtOH. This afforded 0.1495 g yield) of the title compound as an off-while 
solid. NMR (DIVISOR): 6 9jE©(s, 1H). 8.99 (s. 1H). 8.27 (s. 1H). 7.88 (s. 1H). 
7.4-7.6 (m, 4H). 6.91 (d. 2H, i«2Hz). 5.97 (s. 1H). 3.77 (m. 4H), 3.08 (m. 4HX 
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2.19 (S.3H). HPLC/MS: (M+H)* AQ2J22m/z. Retention time (HPLC/MS) = 



Example 21 

Preparation of 2-<;hlorD-5-fluoro-Ay-^4HTiethox>^henvlV4^ 

Intennediate 



A suspension of 2.4-dicliloro-5-fluoropyrimidine (8.98 mmol, 1 equiv), 4- 
metlioxyaniiine (8.98 mmol, 1 equiv), and sodium carbonate (53.9 mmol, 6 eqiii^ 
in 10 mL of ethanol was stirred at room temperature ovemiglit The reaction was 
diluted witii ethyl acetate and water. The layers were separated, and the organfe 
layer was washed with brine, dried over magnesium sulfate, filtered and 
concentrated. The resulting residue was used without further purification. Totai 
yield was 88%. 



Preparation of (2EV3-(dimethvlaminoV1-f3-(trifluorQmethvltohenvn-2-Dropen-1* 



A suspension of 3'-(trifluoromethyl)acetophenone (6.0 g, 31.9 mmol) and 
MA/-dimethylfomiamide dimethyl acetal (3.8 g, 31.9 mmol) in toluene (35 mL) was 
heated at reflux overnight. The yellow solution was cooled to room temperature 
and concentrated under reduced pressure. The crude material was coated on 
silica and purified by column chromatography (100% CH2CI2) to afford the desired 
product as a yellow solid (6,1 g; 25.1 mmol; 79% yield); NMR (DMSO-de) 8.19 
(d. J = 7.6 Hz, 1H), 8.15 (s, 1H), 7.83 (d. J = 7.9 Hz, 1H), 7.78 (d. J = 12 Hz, 1H). 



min. 




Example 22 



one intermediate 



o 
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7.66 (t J = 7.9 Hz. 1H). 5.89 (d, J = 11.7 Hz. 1H), 3.15 (s, 3H). 2.94 (s, 3H); S 
MS (M+Hr= 244.1. 



Example 23 

Preparation of ethvl (2ZV3-(dimethvlaminoV2-/4Hrnethoxvbenzovn-2-propeno 

intermediate 
o 




The enamine was prepared according to the process of Example 22 using 
ethyl 4-methoxyben2oyl acetate to afford the desired product as an orange oi 
which vt^s used without further purification; MS (ES) 278.0 (M+H)^. 



Example 24 

Preparation of methyl 2"(1HHndazol^vlaminoV4^4-methoxvphenvlV5- 

pvrimidinecarboxvlate 




H 



A mixture of etiiyl (2Z)-3-(dimethylamino>-2-(4-methoxybenzoyl>-2- 
propenoate obtained according to the process of Example 23 ( 500 mg, 1.8 
mmol), f/-(1HHndazol-6-yl)ethanimidamide diacetate obtained by reaction of 
indazole-5-amine (1 equiv) and IH-pyrazole-l-carboxamidine hydrochloride. (532 
mg, 1.8 mmoi), and 0.5 M sodium methoxide in MeOH (10.8 mL) in MeOH (7.2 
mL) were heated at reflux overnight. The reaction was cooled to rt and quenched 
with H2O (2 mL). The mixture was made neubal with the addition of IN HCI and 
extracted with EtOAc (3 x 50 mL). The combined organlcs were dried (MgS04). 
filtered, and concentrated under reduced pressure. The crude product was 
recr^tallized from MeOH and dried in vacuo at 45^*0 to afford the desired product 
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as a tan solid (147 mg, 0.39 mmol; 22% yield); mp 218-221 **C; TLC (EXJM/MeOfil 
95:5): Rf = 0.39- 

Example 25 

5 Preparation of AM4-(4-methoxvphenvt V5-^4Hrnoroholinvlcar^ 

1 H-indazol-5-amine 




H 

To a solution of morpholine (116 mg, 1.3 mmol) in toluene (5 mL) was 
added 2M trimethylalumlnum in toluene (670 pL), dropwise. The mixture was 

10 stirred until gas evolution ceased (approximately 45 min). Tlie preformed 
aluminum amide was then added dropwise to a suspension of methyl 2-(1#l- 
indazol-5-ylamino)-4-(4Hrnethoxyphenyl)-5-pyrimid inecarboxylate obtained 
according to the process of Example 24 (100 mg, 0.27 mmol) in toluene (5 mL). 
The reaction was allowed to stir at reflux for 2 h. The heat was removed and the 

15 reaction was allowed to stir at rt ovemighL The mixture was then heated at reflux 
tor an additional 6 h. The mixture was cooled to rt and was quenched wiUi the 
addition of IN HCI (2 mL). The heterogeneous mixture was filtered thnou^ 
Extrelut and the filtering aid was washed thoroughly with EtOAc. The filtrate was 
concentrated under reduced pressure. The crude product was purified by 

20 preparative HPLC (Cis ODS, 10-90% CH3CN/H2O, 0.1% TFA) and dried in vacuo 
at SO^'C to afford the desired product as a ten solid (61 mg, 0.14 mmol; 53% 
yield): mp152-154 ^C; MS (ES) 431.3 (M+H)*. 
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Example 26 

Preparation of 2K)hlorT)-4-f5-chlorD-24hienvl)^-fluoropvrim intermediate 

CI 




A mixture of 2,4-clichloro-6-fluoropyrimidine (0.834 g. 5.00 mmol) anzi 
5 NaHCOa (1.26 g. 15.0 mmol) in 1,2-dimethoxyethane:water (4:1, 15 mL) vns 
degassed with Argon for 30 min at room temperature. This solution was slowly 
heated to reflux, and 5-Ghloro-2-thiophene l>oronic add (0.812 g, 5.0 mmol 
Lancaster) and tetralds(triphenylphospine)-palIadium(0) (0.578 g, 5.00 mmol) 
were added. After 16 h, the reaction mixture was cooled to room temperature and 

10 concentrated in vacuo. 20 mL of H2O was added and the crude product was 
extracted with ethyl acetate (3 x 40 mL). The combined organics were dried over 
Na2S04 and concentrated in vacuo. The product was purified by silica gel column 
chromatography (1% ethyl acetate/hexanes to 10% ethyl acetate/hexanes 
gradient) to aflbrd 0.025 g (2%) of the title compound as a slightly green solid- 

15 LC-MS: (M+H)* 247.9 m/z. Retention time (LC-MS): 3.22 min. 



Example 27 

Preparation of A/44-(5H;htorD-2^hienvlV5-fluora-2H3vrimidinvn-1HHndazol^^ 

a 




20 5-Aminoindazole (0.020 g, 0.20 mmol) was added to a mixture of 5-chloro- 

2-(2-chloro-5-fluoropyrimidin4-yl)thiophene (0.025 g, 0.10 mmol) in n-butanol (1 
mL). Catalytic HQ (0.002 nrri.) was added, and the reaction mixture was heated to 
115 ""C. After 16 h the solvent was removed In vacuo, and the product was 
purified by preparative HPLC (10% acetonitrile, 90% water, 0.1% TFA to 90% 
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acetonitrile. 10% water, 0.1% TFA gradient) to afford 0.0036 g of A (10%) as a 
brownish solid. LC/IVIS: (M+H)* 345.1 w/z. Retention time (LC-MS): 2.96 min. ^ 
NMR (DMSCWe) 5 9.74 (s. 1H). 8.62 (d, 1H, J = 3.2 Hz). 8.16-8.17 (m. 1H). 8.f!S 
(s, 1H), 7.74-7.75 (dd, 1H, J = 1.4 Hz, J = 2.8 Hz). 7.55-7.58 (dd, 1H. J = 2.0 Hz. J 
5 = 9.2 Hz), 7.49 (d. 1H. J = 9.2 Hz). 7.32 <d. 1 H. J = 4.0 Hz). 

Example 28 

Preparation of 2-fluoro-A/-nnethoxv-A/-methvlacetamide intermediate 

o 

. I 

To a stirred -lO^'C solution of A/,0-dimethylhydroxylamine hydrochiorkla^ 
(18.4 g, 189 mmol) in dichloromethane (175 mL) was added 2.0M trimettqfl 
aluminum (94.5 mL, 189 mmol) dropwise via an addition funnel. This was sbwiy 
wamied to rt and stin^ for 1h. This solution was then added dropwise fo a -10 
°C solution of ethyl fluoroacetate (10.0 g, 94.3 mmol) in dichloromethane (100 
mL). This was wamied to rt and stinred for 18 h. 1M Rochelle's salt (50 mL) v»s 
added slowly and this was stirred for 1 h. The reaction niixture was then diluted 
with H2O and the layers were separated. The aqueous layer was extracted with 
dichloromethane (3 X 25 mL). The organic layers were combined, washed vritti 
brine, dried (Na2S04), and concentrated in vacuo to afford 8.70 g (76%) of the 
desired product as a dark oli that was used without further purification. 

Example 29 

Preoaratton of 2-fluorD-1-(4-methoxvphenvl)ethanone intenmediate 

O 




25 To a -78 ""C solution of bromoanisole (2.7 mmol, 1.3 equiv) in 15 mL of 

THF was added 1.6 M n-BuLi (5.4 mmol, 2.6 equiv). This was stirred for 15 min 
and then added to a solution of 2-fluoro-A/-methoxy-W-methylacetamide obtained 
according to the process of Example 28 (2.07 mmol, 1.0 equiv) in 15 mL of THF. 
The reaction was maintained at -78 X for 45 min and then 5 mL of 11^ Ha was 



10 



15 



20 
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added. The reaction was diluted with ethyl acetate. The organic layer was 
sepamted, dried over sodium sulfate, fittered. and reduced. The residue ¥0^ 
purified by flash column chromatography (5% ethyl acetate in hexanes) to yieDd 
the desired product as a pure oil that solidified upon standing. Total yield 21%. 



Bcamole 30 

Pieparation of AH4-benzvlDhenvlV-AH&fluoro-2"(6-auinonnvlaminoV4- 

pvrimidinvnamine 




/^4-Benzylphenyl)-2<;hloiT>-&fluoro-4-pyrimldinamine, obtained from 5- 
fluore>-2,4-dichloropyrimidine and 4-ben2ylaniline using the method of Example 21, 
(1 equiv) was treated with 6-aminoquinoline (2 equiv), and suspended in 1N HCL 
The rraxtuie was heated at 100 ""C for 7 days. Upon cooling to rt, the solution was 
neutrafizBd with 2N Na2C03 and extracted with n-BuOH. The organic layer was 
collected, and dried. The resulting crude product was purified by preparative TLC 
(60% BOAc / Hexanes). LCMS: RT 2.18 min; [M+H]* 422. 



Example 31 

PrepaiaBon of f2ZV3-(dimethvlamirToV2-fluoro-1-(4-methoxvphenvlV2HgrDPer>-1- 

one intermediate 



o 




A solution of 2-fluoro-1-(4-methoxyphenyl)ethanpne obtained according to 

the process of Example 29 (7.1 mmol, 1 equiv) and A/,A/-<limethylformamide 

dimethyl acetal (28.4 mmol, 4 equiv) was heated at 120 ""C for 2 h. The reactton 

was diluted with water. The aqueous layer was extracted with ethyl acetate. The 

organic layers were separated, dried over sodium sulfate, filtered, and reduced. 

The residue was purified by flash column chromatography (75% ethyl acetate in 
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h^canes) to yield the desired product as a pure oil that solidified upon standing. 
Total yield 85.4%. 

Thte tntennediate was converted to the product of Example 375 using the 
prooedlire for Example 41 . 

5 

Example 32 

Pteparation of f2K;hlofD-5-fluorD^4-DiroTiidlnvlX4-methox^ 




A solution of p-methoxyph«fiylacetonitrile (381 ^L, 2.7 mmoi) in 4 mL of 
10 DMF at -15 ""C was treated with sodium hydride (60% dispersion in mineral oil, 
102 mg, 2.7 mmol) and allowed to react for 15 min. The suspension was then 
treated with 5-fluoro-2,4-dichloropyrimidfce (296 mg, 1.78 mmol) and allowed to 
sBr for 1.5 h at -15 ''C and an additional 0.5 h at rt. The reaction was quenched 
with isopropanol and saturated amnrioraum chloride. Purification with silica gel 
15 chromatography gave a single regioisonw as a faintly yellow oil (346 mg, 70%). 

Exaiiiple33 

Preparation of r5"fluorx)-2"(1A/-indaapl^vlaminoV4-Dvrimidlnvn(4HT^ 

phenyl)aDetonitrile 




20 H 

The compound was prepared bjf a method similar to that described for 
Example 18, using (2-chioro-5-1luofO-4-pyrimidinyl)(4-methoxyphenyO 
obtained according to Example 32, as ttie chloride. 
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Example 34 

Prepanation of /V44-(S<iiloio44luomphenvlV-5-fluorD-2H)vrimidinvn-^ 

quinolinamine 



F 




H 



In a 15 mL flask were placed 2-chloro-4-(3-chloro-4-fluorophenyl>^ 
fluoropyrimldine (130.0 mg, 0.5 mmol), 6-aminoquinoline (144.2 mg, 1.0 mirorfX 
3.4 mL of 1-butanol and 1.1 mL of IN HCI solution. The mixture was heated at 
128-130 °C for 2 days. The reaction mixture was evaporated to dryness and the 
residue was dissolved in methanol, absorbed on silica gel, dried and 
chromatographed with CH2C?^methanol = 100/3 to provide a mixture of the 
desired compound with trace impurities. This mixture was purified again by 
Prep.TLC with CH2Cl2/methanol (100/3) to give 9.3 mg of a yellow solid (5.1 %)u 
GC/MS 369.4 (M+1) RT = 2.65 min; ^H-NMR (DMSO-cfe) 5 10.28 (s, 1H); 8.787 (s. 
1H): 8.744 (s. 1H); 8.528 (s, 1H); 8.290-8.311 (d, 1H); 8.203-8.247 (d, IH); 8.074- 
8.139 (m, 1H); 7.944 (s, 2H); 7.642-7.707 (t, 1H): 7.447-7.491 (m. 1H). 

Example 35 

Preparation of 4-r5-fluorD-2-(6-auinollnvlaminoV4-Pvrimidlnvnbenzpic acid 

COOH 




H 



Step 1. To a solution of 2, 4-dichloro-5^uoropyrimidine (500 mg. 3.0 
mmol) in degassed DME/H20 (9.3 mL/1.8 mL) was added 4-carbobutoxyphenyl 
boronic add (244 mg, 1.1 equlv), followed by PdCl2(dppf) (49 mg, 0.060 mmol). 
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The reaction was stirred at rt overnight The mixture was concentrated in vaouD 
and the residue was purified by flash chromatography (95:5 hexanes/ EtOAc) to 
afford the desired product which was verified by NMR and LOMS and used 
directly in the next step. 

Step 2. In a 8 mL vial were placed butyl 4-[5-fluon>-2-<&<)uinolinylamino>^ 
4-pynmidinyQbenzoate obtained in Step 1 (6.3 mg, 0.015 mmoO, methanol (0.75 
mL) and 0.09 mL of IN NaOH solution. The visri was shaken at 60 overnight 
Upon cooling, the reaction mixture was acidified with IN HCI to pH 1-2 and 
evaporated to dryness. To this residue was added water and the resulting 
precipitated solid was filtered, washed with water and methanol, and dried in an 
oven to provide 4.3 mg of an off-white solid (79.6%). GC/MS 361.3 (M+1) RT = 
2.00 min; ^H-NMR (DMSO-ofe) 610.415. (s, 1H); 8.755-8.845 (m, 2H); 8.653 (s, 
1H); 8.443-8.496 (d. 1H); 8.164-8.234 (m, 4H); 8.007-8.059 (m, 2H); 7.571-7.606 
(m. 1H). 

Example 36 

Preoaration of 2-(1HHndazol-5-vlaminoV4-(4-methoxvDhenvl)-5- 
pyrimidinecarboxvlic acid 




H 



A solution of methyl 2-(1HHndazol-5-ylamino)-4-(4-methoxyphenyl)~5- 
pyrimidinecarboxylate (50 mg, 0,13 mmol) and IN NaOH (0.13 mL) in 
MeOH/H20nHF (2 mL/0.13 mL/0.13 mL) was sBmed at 50 ovemight. The 
reaction was cooled to room temperature and the mixture was concentrated under 
reduced pressure. The residue was dissolved in H2O and the pH was adjusted to 
6 with the addition of IN HCI. The resulting soBd was collected by filtration and 
was dried in vacuo at 45 ''C to alTbrd the desired product (42 mg, 0.12 mmol; 
87% yield); mp = 269-272 ^C, MS (ES) 362.3 (M+H)*; TLC (DCM/MeOH, 90:10): 
Rf = 0.40. 
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Example 37 

Preparation of methyl 4-(4'methoxvphenvl>-2-(&<iuinolinvlaminoV5- 

pvrimidinecarboxvlate 




H 



The compound was prepared analogously to that described in Example 35, 
Step 1. The crude product was purified by preparative HPLC (Cie ODS, 10-90% 
CH^N/HaO, 0.1%TFA) and dried In vacuo at 50 ''C to afford the desired product 
as a white solid (30 mg, 0.078 mmol; 11% yield); mp 155-157 °C; MS (ES) 387.4 

Example 38 

Preparation of 4-f4-methoxvDhenvlV2-(6-auinolinvlaminoV-5H3vrimidinecarboxvlic 

acid 




H 



The product was prepared according to the process described for Example 
36 using methyl 4-(4-methoxyphenyl)-2-(6-quinolinylamino)-5- 
f^rimidinecarboxylate obtained according to the process of Example 37. The 
product was triturated with CH3CN and collected by filtration to afford the desired 
product as a yellow solid (21 mg, 0.056 mmol; 89% yield); mp = 216-220 °C; MS 
(ES) 373.4 (M+H)*. 
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Example 39 

Preparation of 1"(1.3"benzodioxol-5-vlV2-fluoroethanone 




F 



To a stirred -78 °C solution of 4-bromo-1, 2-(metiiylenedioxy) benzene 
(1^9 mU 10.7 mmol) in THF (25 mL) was added 1.6M n-BuLi (13.4 mL) dropwisB 
via syringe. This was stirred for 0.5 h tiien added dropwise to a stinred -78 
solution of 2-fluoro-A/-methoxy-/V-fnethyiacetamide obtained according to ttie 
process of Example 23 (1.00 g, 8.26 mmol) in THF (25 mL). The reaction was 
stirred for 1 h and then acidified to pH 2 with IN HCI. The reaction mixture was 
diluted wrOi EtOAc (25 mL) and H2O (25 mL) and the layers were separated. The 
aqueous layer was extracted witii EtOAc (3 X 10 mL) and the combined organic 
layers were washed with brine, dried (Na2S04), and concentrated in vacuo. The 
crude solid was recrystallized from hot EtOH to afford 387 mg (24%) of the 
desired product as ofT-white needles. 

Example 40 

Preparation of f2ZV1-^1 .3-benzodioxol"5-vlV3"(dimethvlamino)-2-fiuoro-2>prDPen- 

1-one 



To a stirred solution of 1-(1,3-benzodioxol-5-yl>-2-fluoroethanone obtained 
according to the process of Example 39 (300 mg, 1 .65 mmol) in DMF (20 mL) was 
added Bredereck's reagent (0.476 mL, 2.31 mmol). This was warmed to 120 
and stinred for 20 h. The reaction mixture was cooled to rt and then diluted with 
EtOAc (10 mL) and H2O (10 mL). The layers were separated and ttie aqueous 
layer was extracted with EtOAc (3X5 mL). The combined organic layers were 
washed with H2O (3X5 mL), dried (Na2S04), and concentrated In vacuo. The 
crude product was purified via flash chromatography eluting with EtOAc/ H2O 
(80:20) to afford 169 mg (43%) of desired product as a brown solid. 
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Example 41 

Preparation of A/-(1 .3"benzodioxol-5-vlVA/45-fluorD-2-f3Kiuinolinvlamin 

pvrimidinvnamine 




H 



5 To a suspension of (2Z)-1-(1,3-ben2XKJIoxol-5-yi>-3-(dimethylamino>^ 

fluorD-2-propen-1-one obtained accx)rding to the process of Example 40 (51.0 m& 
0.215 mmol) and A/-<3-quinolinyl)guanidine (64.0 mg, 0.215 mmol) in MeOH p 
mL) was added 0.5M NaOMe (1.29 mL, 0.645 mmol). This was heated to 70 *C 
and shaken for 36 h. Complete consumption of starting material was not 
10 obtained, but the reaction mixtures were concentrated in vacuo and purified wai 
prep HPLC (RT 2.10 min. 10-90% CH3CN/H2O over 3.5 min) to afford 1.7 mg 
(1%) of the desired product as an off-white solid. ESIMS mfz 361 .4 (MH^). 

Example 42 

15 Preparation of 4-(1.3-benzodioxol-5"Vl)-2-chloro-5-fluoropvrimidlne intermediate 




To a stinned solution of 1,3-benzodioxol-&-ylboronic acid (300 mg, 1.81 
mmol), 2,4<lichloro-&fluoro-pyrimidine (332 mg, 2.00 mmol) and sodium 
carix)nate (384 mg, 3.62 mmol) in DME (10 mL) and H2O (2 mL) was added 
20 PdCl2(dppf) (30.0 mg, 0.04 mmol). After 0.5 h a precipitate began to fonm, and 
after 2 h the reaction was complete. The crude mixture was concentrated in 
vacuo and redissolved in H2O. The resulting solid was filtered and dried to afford 
443 mg (97%) of the desired product as a tan solid, mp 134-136 °C. 
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Example 43 

Prepaiafon of Af44^1.3-benzodioxokS-v>V5-fluorD-2-pvrimidinvl1"lH^ 

indazokft-amine 



To a suspension of 4-(1,3-benaxiioxol-5-yl)-2K^k>ro-5-fluoropyrimidim 
obtained according to the process of Example 42 (75.0 mg, 0.297 mmol), and 5- 
amino-2-methylindazole in n-butanol (2 mL) was added 1N HCI (1 mL). This was 
wanned to 120 ""C^nd shaken for 120 h. The crude reaction mixture was 
concentrated in vacuo and purified by prep HPLC (RT 2.89 min, 30-70% 
CH3CN/H2Q over 3.5 min) to afford 2.2 mg (2%) of the desired product as a tan 
solid, mp 218-219 ^C. ESIMS m/z 364.4 (MH^. 

Example 44 

Preparation of 2-chloro-5-fluoro-4-(2-mettK)xvDhenvl)Dvrimidine intermediate 



A suspension of 2,4-dichloro-5-fliK)rx)pyrlmidine (3 mmol, 1 equiv) and 
PdClzdppf (0.06 mmol, 0.02 equiv) in 9 mL of deoxygenated DME was stinred for 5 
min. 2-Methoxyphenylboronic acid (3.6 mmol, 1.2 equiv), sodium cartxjnate (6 
mmol, 2 equiv), and 2 mL water were ttien added. The vial was capped under 
argon and shaken overnight The reaction was diluted with ethyl acetate and 
water. The organic layer was separated, dried over sodium sulfate, filtered and 
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H 
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oonoentrated. The residue was purified by flash column chromatography (8% ethyl 
acetate in hexanes) to yield the desired product as a white solid. Total yield 45%. 

Example 45 

Prroaration of A/45-^fluoro^2HTiethoxvDhenvn-2"Dvrimldinvn"1-methvl-1H- 

indarol-e-amine 



A suspension of 2-<:hlpn>-5-fluoro^2-methoxyphenyl)pyrimidine according 
to the process of Example 44 (0.5 mmol, 1 equiv) and 1-methyl-6-aminoHndazole 
(1 mmol, 2 equiv) in 2 mL of n-butanol and 1 mL of 1N HCI yms shaken at 120 ""C 
for 3 days. The reaction was concentrated and the resulting residue purified by 
HPLC. Fractions were combined, acetonitrile removed, and tfie resulting aqueous 
layer treated with saturated sodium bicarbonate solution to give a precipitate. This 
was filtered and dried in a vacuum oven overnight to yield the target compound as 
a pure compound. Total yield was 25% 

Example 46 

Preparation of A/-{5"brQmO"2-^f1'ethvl'1HHndazol-5-vl)aminol-4H3vrimidinvl)-AM1- 

eBwH HHndazol-5-vl)amine 



A solution of 5-bromt>5,4-dichloropyrimldine (100 mg, 0.20 mmol), 1-ethyl- 
lfMndazol-5-amine, and catalytic amount of hydrochloric acid in 1-butanol (3 mL) 
was heated at 1 15 ''C ovemig^ Some yellow solid precipitated out. The solution 
was filtered. The filtrate was washed with a little bit of methanol and ethyl acetate 
to give a yellow solid (86.6 mg, 71.0%). 
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Example 47 

Preparation of H445-fluoro"2-(6Kiuinolinvlamino)-4-pvrimidinvnphenv^ 

COCH3 



Step 1: 2,44)ichloro-5-fiuoropyrimidine (1 equiv) was allowed to react with 
4-acetyiphenyiboronic acid (1.2 equiv), in the presence of PdCbdppf (0.06 equiv) 
and sodium carimnate (1.5-2 equiv), in DME and water (4:1 v/v) at rt to 60 for 
2-6 h. The reaction mixture was evaporated to dryness and the residue was 
purified by silica gel column chromatography (EtOAc-hexane). 

Step 2: The intennediate from Step 1 was treated with 6-aminoquinoline (2 
equiv) in n-BuOH arKi 2N HCI (1:1 v/v) at 120 for 2-6 days. The solvents were 
removed by evaporation. The residue was purified by silica gel column (EtOAc- 
Hexane or MeOH-CH2Cl2) to give a pure solid product. LC-MS: RT 2.04 min; 
[M+Hf 359. 

Example 48 

Preparation of A^5-fluoro^phenvl-2-pvrimidinvlV6-Quinolinamine 



Step 1. &4=liJDro-2,4-dichloropyrimidine (1 equiv) was allowed to react with 
phenylboronic add (1.2 equiv) in the presence of PdCWppf (0.02 equiv) and 
sodium bicarbonate (3 equiv), in DME and water (4:1 v/v) at 70 overnight. The 
reaction mbdure was evaporated to dryness and the residue was purified by 
Biotage (15% EtOAc/Hexanes) to give the desired product (80% purity) that was 
used directly in the next step. 
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Step 2. The Intermediate obtained in Step 1 was treated with ^ 
aminoquinoiine (2 equiv) in ai-BuOH/IN HCI (1/1) at 120 ''C, or in 1N HCI at Wk 
X for 10 days. It was cooled and neutralized with 2N NazCOd, and extracted 
n-BuOH. The organic layer was collected, and dried. The resulting crude produBl 
was purified by preparative TLC (60% EtOAc / hexanes). LOMS: RT 2.08 nflu^ 
IlUWfl^SI?. 

Example 49 

Preparation of AK5-fluoro-4"f3-^trifluoromethvlbhenvlV2-pyrimidinvlV6" 

guinollnamlne 




Step 1- To a solution of 2,4-dichloro-5-fluoropyrimidine (500 mg, 3.0 mrmil) 
m degassed DME/hbO (9.3 mULS mL) was added 3-trffluorom^«yl 
phenylboronic acid (627 mg, 3.3 mmol), followed by PdCl2(dppf) (49 nng, O.OGO 
mmol). The reaction was stirred at rt overnight The mixture was concentrated 
under reduced pressure and the residue was purified by flash chromatography 
(95:5 hexanes/EtOAc) to afford the desired product The product was verified by 
NMRandLC/IVIS. 

Step 2. To a solution of 2-chloro-5-fluoro-4-(3-tf7fluoromelhyl 
phenyl)pyrimidine obtained in Step 1 (100 mg, 0.36 mmol) in n-BuOH (2 mL) were 
added an 6-amino quinoline (1 equiv) and IN HCI (1 mL). The mixture was 
shaken at 125 ""C over 4 days. The mixture was cooled to rt and concentrated 
under reduced pressure. The crude product was purified by preparative HPLC 
(Ci8 ODS, 10-90% CH3CN/H2O, 0.1%TFA) and dried in vacuo at 45 to afford 
the desired product in 12-17% yield. The product was verified by NMR and 
LC/MS: RT 2.73 min; [M+Hf 385. 

Using methods analogous to the above described procedures, other 
examples of the invention were prepared and are listed in Tables 1-5 below: 
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Tablel 



HN' 



Ex. 
No. 


R 


K 




RT 
(min) 
(irom 

LC- 
MS) 


Mass 
Spec. 
(ESI) 
MH+ 


Method of 
Example 


UOriiiiiSniS 


50 


H 




1 1 
H 


2.00 


411 


4 




51 




CF3 


H 


2.13 


411 


4 




52 




CF3 


H 


2.01 


413 


4 




53 




F 


H 


2.24 


395 


3 


HCI salt 


54 




F 


H 


1.8 


383 


3 




55 


PH3 


F 


H 


1.64 


388 


2 




56 


PHa 


F 


H 


0.21 


389 


2 




57 




F 


H 


2.02 


417 


4 




58 




Br 


H 


0.32 


423 


2 
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Ex. 
No. 






R' 


RT 
(min) 
(from 
LC- 
MS) 


Mass 
Spec. 
(ESI) 
MH+ 


Method of 
Example 


Comments 


59 




Br 


H 


1.89 


421 


4 




60 


H 


Br 


H 


1.96 


421 


4 


HCIsalt 


61 




Br 


H 


2.26 


455 


2 




62 


jOO 


Br 


H 


1.6 


441 


2 




63 




Br 


H 


2.15 


443 


2 




64 




Br 


H 


1.93 


449.5 


2 




65 


CHa 


Br 


H 


1.53 


449.5 


2 




66 




Br 


H 


2.2 


478 


4 




67 


H 


a 


H 


1.70 


377 


4 




68 




H 


H 


1.49 


377 


2 




69 




H 


H 


2.23 


365 


2 
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Ex. 
No. 




R2 


R^ 


RT 
(min) 
(from 

MS) 


Mass 
Spec, 
(tbi) 
MH+ 


Method of 
Example 


Comments 


70 




CH3 


H 


1.75 


39 


2 




71 




CHa 


H 


1.71 


357 


4 


HCisaH 



Table 2 



Ex. 
No. 




R2 


R^ 


R* 


R= 


RT 
(min) 
(from 

LC- 
MS) 


Mass 
Spec. 
(ESI) 
MH+ 


Method 
of 

Exam- 
ple 


72 




CH3 


H 


H 


A. 


2.07 


351 


7 


73 




CH3 


H 


H 




2.06 


351 


7 


74 




F 


H 


H 




2.37 


355 


7 


75 




F 


H 


H 




2.33 


355 


7 


76 




F 


H 


H 




2.43 


399 


7 
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NbL 




R2 


R3 


R* 


R5 


RT 
(min) 
(firom 

LC- 
MS) 


Mass 
Spec. 
(ESI) 
Mn+ 


Method 

of 
Exam- 

pie 


77 




F 


H 


H 




2.24 


339 


7 


73 




F 


H 


H 




2.14 


346 


7 


79 




F 


H 


H 




2.16 


346 


7 


80 




F 


H 


H 




2.87 


414 


7 


81 




F 


H 


H 




2.51 


389 


7 


82 




F 


H 


H 




1.65 


350 


7 


83 




F 


H 


H 


0 b 


2.21 


490 


7 


84 




F 


H 


H 




1.58 


367 


7 


85 




CI 


H 


H 




2.68 


415 


7 


86 




CI 


H 


H 




2.49 


355 


7 


87 




CI 


H 


H 




2.28 


367 


7 
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Be 
i»b. 




R2 




R* 


R' 


RT 
(min) 
(from 
LC- 
MS) 


Mass 
Spec. 
(ESI) 
MH+ 


Method 
of 

Exam- 
ple 


m 




CI 


H 


H 




2.46 


362 


7 


m 




CI 


H 


H 




2.62 


362 


7 






CI 


H 


H 




3.13 


430 


7 


m 




CI 


H 


H 




2.76 


405 


7 






CI 


H 


H 




2.87 


405 


7 


93 




F 


H 


H 




2.13 


357 


7 


m 




F 


H 


H 


XT 


2.25 


357 


7 






F 


H 


H 


CF3 


2.48 


425 


7 


96 




F 


H 


H 




Z31 


400 


7 






F 


H 


H 




2.04 


372 


15 


93- 




F 


H 


CH3 




2.3 


376 


15 



58 
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Ex. 
No. 




R2 


R' 


R* 


R« 


RT 
(min) 
(from 
LC- 
MS) 


Mass 
Spec. 
(ESI) 
MH+ 


Method 
of 

Exam- 
ple 


99 




F 


H 


H 




2.12 


362 


15 


100 




F 


H 


H 




2.19 


332 


15 


101 




F 


H 


CHa 


A. 


2.59 


380 


15 


102 




F 


H 


CH3 




2.19 


340 


15 


103 




F 


H 


H 




1.84 


362 


7 


104 




F 


H 


H 


CH3 


1.85 


364 


7 


105 




F 


H 


H 




1.67 


392 


7 


106 




F 


H 


H 


jj ■ 

F 


1.89 


350 


7 


107 




F 


H 


H 




1.82 


362 


7 


108 




F 


H 


H 




0.82 


372 


8 


109 


jOO 


F 


H 


H 




1.78 


389 


8 



59 



wo 03/030909 



PCTAJS02/30616 



Ex. 
No. 




R2 


R^ 




R« 


RT 
(min) 
(from 
LC- 
MS) 


Mass 
Spec. 

(ESI) 

ill 1 ■ 
lvln+ 


Method 

of 
Exam- 

pie 


110 


/CO 


F 


H 


H 


CHg 


1.52 


360 


7 


111 




F 


H 


H 




1.65 


346 


7 


112 




F 


H 


H 


JOT" 


1.97 


376 


7 


113 




F 


H 


H 


CF3 


2.56 


426 


10 


114 




F 


H 


H 




2.41 


427 


10 


115 




F 


H 


H 




2.46 


427 


10 


116 




F 


H 


H 


NO2 


2.34 


404 


10 


117 




F 


H 


H 


F 


2.17 


377.5 


10 


118 




F 


H 


H 




2.27 


377.5 


10 


119 




F 


H 


H 


n 


2.25 


377.5 


10 


120 




F 


H 


H 




2.19 


359.5 


10 



60 
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Ex. 
No. 




R2 


R^ 


R* 


R'' 


RT 
(min) 
(from 

LC- 
MS) 


Mass 
Spec. 
(ESI) 
MH+ 


Method 
of 

Exam- 
pie 


121 




F 


H 


H 




2.19 


404.5 


10 


122 


y ^ 


F 


H 


H 


INU2 


2.37 


404.5 


10 


123 




F 


H 


H 




2.2 


384.5 


10 


124 




F 


H 


H 




1.99 


474.5 


10 


125 




F 


H 


H 


y^ 


1.6 


417 


7 


126 




F 


H 


H 


CH3 


0.96 


375.3 


7 


127 




F 


H 


H 


^ NO2 


2.25 


377.3 


7 


128 




F 


H 


H 




2.25 


377.3 


7 


129 




Br 


H 


H 


JO" 


2.27 


417.5 


7 


130 




Br 


H 


H 




2.72 


485 


7 


131 




Br 


H 


H 




2.56 


451 


7 
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Ex. 
No. 




R2 


R' 


R* 


R« 


RT 
(min) 
(from 
LC- 
MS) 


Mass 
Spec. 
(ESI) 
MH+ 


Method 
of 

Exam- 
ple 


132 




Br 


H 


H 


A 

^ ^ UOrl3 


2.27 


423 


12 


133 




Br 


H 


H 


JX. 

Br 


Z52 


471 


12 


134 




Br 


H 


H 


XX, 

^ CI 


2.59 


426 


12 


135 




Br 


H 


H 




2.3 


422 


12 


136 




Br 


H 


H 




2.41 


417 


12 


137 




Br 


H 


H 


CH3 


1.64 


446 


15 


138 


jX 


CF3 


H 


H 




1.57 


497 


15 



62 
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Table 3 



Ex. 
No. 




re 


R' 


R* 


RT 
(min) 
LC- 
MS 


Mass 
Spec. 
(ESI)M 
H+ 


Method 
of 

Exam- 
ple 


Com- 
ments 


139 




CFa 


H 




2.34 


397 


17 




140 




CPs 


H 




2.37 


385 


17 


TFA 
salt 


141 


XO 




H 




1.53 


382 


17 


TFA 
salt 


142 




CFa 


H 




2.26 


397 


17 


TFA 
salt 


143 




CFa 


H 




??? 


397 


17 


Free 
Base 


144 




CFa 


H 


XT 


1.93 


383 


17 


TFA 
salt 


145 




CFa 


H 


XX 


1.93 


383 


17 




146 




CFa 


H 




1.9 


397 


17 


TFA 
salt 


147 




CFa 


H 




2.56 


393 


17 
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Ex. 

Kin 






R^ 


R* 


RT 
(min) 

MS 


Mass 
Spec. 

H+ 


Method 
of 

pie 


Com- 

mon'fc 


148 




CF3 


H 




2.45 


381 


17 




149 




CPs 


H 


Nn2 


1.86 


396 


17 




150 




CPs 


H 




2.67 


461 


17 




151 




CP3 


H 




2.22 


409 


17 




152 




CF3 


H 


CHa 


2.37 


410 


17 




153 


JX> 


CF3 


H 


CH3 


2.52 


409 


17 





Table 4 



H 



Ex. 
No. 


R^ 


R2 


R3 


R'' 


R« 


RT 
(min) 
(from 

LC- 
MS) 


+ w P ft 


Method 
of 

Exam- 
ple 


Com- 
ments 


154 




Br 


H 


H 




1.59 


395 


18 


TFA 
salt 
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Ex. 
No. 




R2 




R* 




RT 
(min) 
(from 

LC- 
MS) 


Mass 
Spec. 
(ESI) 

ivlrl+ 


Method 
of 

Exam- 
ple 


Com- 
ments 


155 




Br 


H 


H 


CH3 


1.77 


409 


18 


TFA 
salt 


156 




Br 


H 


H 




1.75 


409 


18 


TFA 
salt 


157 




Br 


H 


H 




1.62 


413 


18 


TFA 
salt 


158 




Br 


H 


H 




1.72 


431 


18 


TFA 
salt 


159 




Br 


H 


H 




1.88 


475 


18 


TFA 
salt 


160 




Br 


H 


H 


CH3 


2.01 


494 


18 


TFA 
salt 


161 




Br 


H 


H 




1.68 


466 


18 


TFA 
salt 


162 




Br 


H 


H 


op 

CF3 


2.08 


463 


18 


TFA 
salt 


163 


jCc> 


Br 


H 


H 




1.88 


431 


18 


TFA 
salt 
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Ex. 
No. 




R2 




R* 




RT 
(min) 
(from 
LC- 
MS) 


Mass 
Spec. 
(ESI) 
MH+ 


Method 
of 

Exam- 
ple 


Com- 
ments 


164 




Br 


H 


H 




1.86 


431 


18 


TFA 
salt 


165 




Br 


H 


H 




1.89 


409 


18 


TFA 
salt 


166 




Br 


H 


H 




2.55 


507 


18 


TFA 
salt 


167 




Br 


H 


H 




2.13 


401 


18 


TFA 
salt 


168 




Br 


H 


H 




2.09 


415 


18 


TFA 
salt 


169 




Br 


H 


H 


■ CHa 

Ah, 


2.23 


409 


18 


TFA 
salt 


170 




Br 


H 


H 




2.01 


395 


18 


TFA 
salt 


171 




Br 


H 


H 




1.75 


425 


18 


TFA 
salt 


172 




Br 


H 


H 




2.13 


465 


18 




173 




Br 


H 


H 




1.72 


399 


18 





66 
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Ex. 
No. 




R2 


R^ 


R^ 




RT 
(min) 
(from 
LC- 
MS) 


Mass 
Spec. 
(ESI) 
MH+ 


Method 
of 

Exam- 
ple 


Com- 
ments 


174 




Br 


H 


H 




1.87 


373 


18 




175 




Br 


H 


H 




2.00 


387 


18 




176 




Br 


H 


H 




2.26 


437 


18 




177 




Br 


H 


H 




1.94 


425 


18 




178 




Br 


H 


H 


/ 


1.61 


359 


18 


TFA 
salt 


179 




Br 


H 


H 




2.31 


473 


18 


TFA 
salt 


180 




Br 


H 


H 




2.08 


409 


18 




181 




Br 


H 


H 


-ft 


2.00 


431 


18 


TFA 
salt 


182 




Br 


H 


H 


o 


2.12 


449 


18 


TFA 
salt 


183 




Br 


H 


H 




1.76 


401 


18 


TFA 
salt 
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Ex. 
No. 




R2 


R3 


R* 




RT 
(min) 
(from 

LO 


Mass 
Spec. 
(ESI) 
MH+ 


Method 
of 

Exam- 
ple 


Com- 
ments 


184 




Br 


H 


H 


CI 


2.15 


463 


18 


TFA 
salt 


185 




Br 


H 


H 




2.23 


471 


18 


TFA 

salt 


186 




Br 


H 


H 




1.97 


439 


18 


TFA 
salt 


187 




Br 


H 

t 


H 




2.05 


421 


18 


TFA 
salt 


188 




Br 


H 


H 




1.72 


473 


18 


TFA 
salt 


189 




Br 


H 


H 


CHa 


2.07 


473 


18 


TFA 
salt 


190 




Br 


H 


H 


H 


2.08 


466 


18 


TFA 

salt 


191 




Br 


H 


H 


JTO^ 


2.24 


520 


18 


TFA 

salt 


192 




Br 


H 


H 




1.83 


540 


18 


TFA 
salt 



68 



wo 03/030909 
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Ex. 
No. 




R2 


R' 




R" 


RT 
(min) 
(from 

LO 

ivi 


Mass 
Spec. 
(ESI) 
MH+ 


Method 
of 

Exam- 
ple 


Com- 
ments 


193 




Br 


H 


H 


OCH3 


1.89 


441 


18 


TFA 
salt 


194 




Br 


H 


H 


CH3 


2.31 


489 


18 


HCI 
salt 


195 




Br 


H 


H 




2.34 


459 


18 


HCI 
salt 


196 




Br 


H 


H 




2.01 


425 


18 


HCI 
salt 


197 




Br 


H 


H 




2.30 


463 


18 


HCI 
salt 


198 




Br 


H 


H 


CI 


2.22 


465 


18 


HCI 
salt 


199 




F 


H 


H 


up 


2.13 


403 


18 




200 




F 


H 


H 




1.78 


340 


18 




201 




F 


H 


H 




1.97 


356 


18 




202 




F 


H 


H 


A. 


1.93 


356 


18 





69 
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Ex. 
No. 




R2 


R^ 


R^ 


R" 


RT 

(min) 
(from 
LC- 
MS) 


Mass 
Spec. 
(ESI) 
Ivln+ 


Method 

of 
Exam- 

pl8 


Com- 
ments 


203 




F 


H 


H 




2.02 


399 


18 




204 




F 


H 


H 




1.97 


399 


18 




205 




F 


H 


H 




1.67 


352 


18 




206 




F 


H 


H 




2.13 


390 


18 




207 




F 


H 


H 




2.08 


390 


18 




208 




F 


H 


H 




1.89 


336 


18 




209 




F 


H 


H 




1.16 


346 


18 




210 




F 


H 


H 


^1 


2.04 


373 


18 




211 




F 


H 


H 


n 


1.67 


352 


18 




212 




F 


H 


CHa 




2.01 


369 


18 




213 




CI 


H 


H 




2.24 


355 


18 
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Ex. 
No. 




R2 


R3 


R^ 


R* 


RT 
(min) 
(from 

LC- 
MS) 


Mass 
Spec. 
(ESI) 

MH+ 


Method 

of 
Exam- 

pie 


Conv- 
ments 


214 




CI 


H 


H 




2.48 


367 


18 




215 




CI 


H 


H 




2.35 


367 


18 




216 




CI 


H 


H 




1.94 


351 


18 




217 


jOc> 


CI 


H 


H 




2.18 


405 


18 




218 




CI 


H 


H 




1.97 


415 


18 




219 




CI 


H 


H 




2.21 


405 


18 




220 




H 


CHa 


H 




1.55 


335 


18 




221 




H 


CHa 


H 




1.97 


395 


18 




777 


jOc> 


H 


CHa 


H 




1.86 


351 


18 




223 




H 


CHa 


H 




1.88 


395 


18 




224 




H 


CHa 


H 




1.72 


347 


18 
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Ex. 
No. 




R2 




R^ 




RT 
(min) 
(from 

LC- 
MS) 


Mass 
Spec. 
(ESI) 

ivin~ 


Method 

of 
Exam- 


Com- 
ments 


225 




H 


CH3 


H 




1.80 


374 


18 




226 




F 


H 


H 




1.97 


351 


18 




227 




F 


H 


H 




2.18 


349 


18 




228 




F 


H 


H 




0.19 


350 


18 




229 




Br 


H 


H 




1.95 


384 


18 




230 




Br 


H 


H 


CH3 


2.45 


486 


18 


HCI 
salt 


231 




Br 


H 


H 




3.12 


466 


18 




232 




Br 


H 


H 




2.14 


4.39 


18 




233 




Br 


H 


H 




2.29 


431 


18 




234 




Br 


H 


H 




2.34 


421 


18 


TFA 
salt 


235 




Br 


H 


H 




2.33 


423 


18 


TFA 
salt 
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Ex. 
No. 




R2 






R* 


RT 
(min) 
(from 
LC- 
MS) 


Mass 
Spec. 
(ESI) 

n ill 1 ■ 

MH+ 


Method 

of 
Exam- 

pie 


Com- 
ments 


236 




Br 


H 


H 


CI 

ii 


2.40 


465 


18 


TFA 
salt 


237 




Br 


H 


H 




2.36 


445 


18 




238 




Br 


H 


H 




2.16 


425 


18 


HCI 
salt 


239 




Br 


H 


H 




2.41 


463 


18 


HCI 
salt 


240 




Br 


H 


H 


CI 

^**S:i 


3.19 


465 


18 




241 




Br 


H 


H 


CH3 


2.29 


407 


18 




242 




Br 


H 


H 




1.92 


489 


18 




243 


H 


CF3 


H 


H 


/^Cl 


2.50 


454 


18 




244 




H 


CH3 


H 




1.76 


347 


18 




245 




H 


CH3 


H 


xO^Br 


1.99 


395 


18 




246 




CI 


H 


H 




2.09 


382 


18 
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Ex. 
No. 




R2 








RT 
(min) 
(from 
LC- 
MS) 


Mass 
Spec. 
(ESI) 
MH+ 


Method 
of 

Exam- 
ple 


Com- 
ments 


247 




CI 


H 


H 




1.80 


378 


18 




248 




CI 


H 


H 




2.33 


416 


18 




249 




CI 


H 


H 




2.14 


382 


18 




250 




CI 


H 


H 




2.11 


362 


18 




251 




CI 


H 


H 




1.88 


378 


18 




252 




F 


H 


H 




1.70 


350 


18 




253 




F 


H 


H 


jX 


1.89 


366 


18 




254 




F 


H 


H 




1.94 


362 


18 




255 




F 


H 


H 




0.18 


361 


18 




256 




CF3 


H 


H 




2.21 


412 


18 




257 




CF3 


H 


H 


90 


1.76 


433 


18 
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Ex. 
No. 








R* 


R« 


RT 
(min) 
(from 
LC- 
MS) 


Mass 
Spec. 
(ESI) 
MH+ 


Method 
of 

Exam- 
ple 


Com- 
ments 


258 




Br 


H 


H 


CH3 


2.78 


420 


18 




259 




Br 


H 


H 


CH3 


2.18 


419 


18 


Bis 

TFA 

salt 


260 




Br 


H 


H 


CH3 


2.45 


497 


18 




261 




Br 


H 


H 


CI 


2.36 


476 


18 




262 




Br 


H 


H 


C! 


3.01 


476 


18 




263 




Br 


H 


H 




3.31 


479 


18 




264 




Br 


H 


H 




1.74 


450 


18 




265 




Br 


H 


H 


or 


2.16 


440 


18 




266 


JX 


Br 


H 


H 




2.25 


433 


18 





75 



wo 03/030909 



PCT/US02/30616 



Ex. 
No. 




R2 


R3 


R* 


R5 


RT 
(min) 
(from 
LG- 
MS) 


Mass 
Spec. 
(ESI) 
MH+ 


Method 
of 

Exam- 
ple 


Com- 
ments 


267 


jCO 


Br 


H 


H 


CI 


2.27 


476 


18 


HOI 
salt 


268 




Br 


H 


H 




2.36 


456 


18 




269 


jOO 


Br 


H 


H 




1.94 


436 


18 


Bis 

TFA 

salt 


270 


jCO 


Br 


H 


H 


90 


1.08 


445 


18 




271 




Br 


H 


H 


oO 

F 


2.86 


411 


18 




272 




Br 


H 


H 




1.66 


500 


18 




273 




F 


H 


H 




2.19 


362 


18 




274 


CH3 


CI 


H 


H 




2.01 


381 


18 




275 




F 


H 


H 




2.19 


362 


18 


HOI 
salt 


276 


CH3 


CF3 


H 


H 


CI 


2.98 


468 


18 


HCI 
salt 
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Ex. 
No. 






R' 


R* 


R" 


RT 
(min) 
(from 
LC- 
MS) 


Mass 
Spec. 
(ESI) 

Ivjn+ 


Method 
of 

Exam- 
ple 


Com- 
ments 


277 


CH3 


Br 


H 


H 




1.95 


503 


18 




278 


CH3 


Br 


H 


H 


<o 


3.25 


435 


18 


HCI 
salt 


279 


CH3 


Br 


H 


H 




2.49 


437 


18 


HCI 
salt 


280 


CH3 


Br 


H 


H 


CI 


2.72 


479 


18 


HCI 
salt 


281 


CH3 


Br 


H 


H 




2.53 


459 


18 


HCI 
salt 


282 


CH3 


Br 


H 


H 


H3C 


2.72 


500 


18 




283 




Br 


H 


H 


H3C 


2.48 


422 


18 




284 


CH3 


Br 


H 


H 


CI 


2.73 


476 


18 




285 


CH3 


Br 


H 


H 




2.22 


398 


18 
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Ex. 
No. 




R2 




R* 




RT 
(min) 
(from 

LC- 

Mo) 


Mass 
Spec. 
(ESI) 
MH+ 


Method 
of 

Exam- 
ple 


Com- 
ments 


286 




Br 


H 


H 


CI 


2.70 


479 


18 




287 


CH3 


Br 


H 


H 


CI 


3.39 


479 


18 




288 


" CH3 


Br 


H 


H 




3.01 


476 


18 




289 


CH3 


Br 


H 


H 




2.28 


453 


18 




290 


CH3 


Br 


H 


H 




2.48 


445 


18 




291 


CH3 


Br 


H 


H 




3.04 


413 


18 




292 


CH3 


Br 


H 


H 




1.88 


503 


18 




293 


CH3 


Br 


H 


H 




2.30 


422 


18 




294 


CH3 


Br 


H 


H 




2.47 


503 


18 


HCI 
salt 


295 


CH3 


Br 


H 


H 


po 


2.36 


437 


18 


HCI 
salt 
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Ex. 
No. 






R' 


R* 


R« 


RT 
(min) 
(ftom 
LC- 
MS) 


Mass 
Spec. 
(ESI) 
MH-t- 


Method 
of 

Exam- 
Die 


Com- 
ments 


296 




Br 


H 


H 


-CO 


3.06 


435 


18 


HCI 
salt 


297 


CH3 


Br 


H 


H 




2.34 


437 


18 


HCI 
salt 


298 


CH3 


Br 


H 


H 




2.52 


465 


18 


HCI 
salt 


299 


CH3 


Br 


H 


H 




2.19 


439 


18 


HCI 
salt 


300 


CH3 


Br 


H 


H 




2.46 


477 


18 


HCI 
salt 


301 


CH3 


F 


H 


H 


HgCyO 


2.13 


362 


18 


Bis 
HCI 
salt 


302 


CH3 


a 


H 


H 




2.22 


429 


18 




303 


CH3 


a 


H 


H 




2.03 


365 


18 




304 


CH3 


a 


H 


H 




1.93 


381 


18 




305 


PH3 


a 


H 


H 




2.21 


385 


18 
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Ex. 
No. 




r2 


R3 


R^ 


R'' 


RT 

(min) 
(from 
LC- 

Mo) 


Mass 
Spec. 
(ESI) 
MH+ 


Method 
of 

Exam- 
ple 


Com- 
ments 


306 


PH2CH3 


Br 


H 


H 




1.98 


517 


18 




307 




F 


H 


H 




0.19 


367 


18 




308 




F 


H 


H 


1PYSO2NH2 


1.92 


445 


18 








1 1 
n 




1 1 
n 




1 . f 0 


0/0 






310 




H 


CH3 


H 




1.80 


364 


18 





Tables 

H 



Ex. 
No. 


R^ 


R=^ 


R^ 


R* 


RT 
(min) 
(from 

LC- 
MS) 


Mass 
Spec. 
(ESI) 
MH+ 


Meth- 
od of 
Exam 
-pie 


Ck)m- 
ments 


311 




H 


H 




2.92 


356 


27 




312 




CH3 


H 




2.37 


341 


27 
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Ex. 
No. 




R2 


R3 


R* 


RT 
(min) 
(from 

LC- 
MS) 


Mass 
Spec. 
(ESI) 

ivin~ 


Meth- 
od of 
Exam 

-pit? 


Com- 
ments 


313 




F 


H 




2.9 


336 


27 




314 




H 


CH3 




2.13 


320 


27 




315 




H 


CH3 




2.81 


370 


27 




316 




F 


H 




3.22 


353 


27 




317 




F 


H 


Br 

ON 


3.21 


440 


33 




318 




H 


H 




3.34 


373 


27 




319 


X» 


H 


H 




3.04 


356 


27 




320 




F 


H 




2.85 


375 


33 




321 




F 


H 


CN 


2.70 


363 


33 




322 




Br 


H 


CN 


2.87 


450 


33 
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Ex. 
No. 




R=^ 




R* 


RT 
(min) 
(from 

LC- 
MS) 


Mass 
Spec. 
(ESI) 
MH+ 


Meth- 
od of 
Exam 
-pie 


Ck)m- 
ments 


323 




Br 


H 


CN 


2.92 


450 


33 




324 




Br 


H 


CN 


2.92 


450 


33 


TFA 
salt 


325 




Br 


H 


-jO. 

CN 


2.16 


406 


33 


TFA 
salt 


326 




H 


H 


A., 


2.87 


357 


27 




327 






F 


H 




2.48 


347 


27 




328 




F 


H 




2.23 


351 


27 




329 




F 


H 


jy 


2.21 


335 


27 




330 




F 


H 




2.42 


351 


27 




331 




F 


H 




2.12 


347 


27 




332 




F 


H 




2.49 


362 


27 




333 




DO 


F 


H 




3.52 


417 


34 
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Ex. 
No. 




R2 


R^ 


R-* 


RT 
(min) 
(from 
LC- 
MS) 


Mass 
Spec. 
(ESI) 
MH+ 


Meth- 
od of 
Exam 
-pie 


Com- 
ments 


334 




F 


H 




3.23 


361 


34 




335 




'F 


H 


0CH3 


3.02 


377 


34 




336 




F 


H 


F 


2.39 


353 


34 




337 




F 


H 


A:ocH 

CCXJHs 


2.14 


359 


34 




338 


jCO 


F 


H 


H 


2.21 


356 


34 




339 




F 


H 


CHs 


2.43 


359 


34 




340 




F 


H 




2.09 


335 


34 




341 




F 


H 




2.23 


353 


34 




342 




F 


H 


•^^^ uEt 


2.24 


361 


34 




343 




F 


H 




1.95 


365 


34 




344 


0^ 


F 


H 


OCH3 


2.10 


377 


34 
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Ex. 
No. 




R2 




R* 


RT 
(min) 
(from 

LC- 
MS) 


Mass 
Spec. 
(ESI) 
MH+ 


Meth- 
od of 
Exam 
-pie 


Com- 
ments 


355 


CH3 


F 


H 


CH3 


3.48 


376 


34 




356 


CHj 


F 


H 


CH3 


3.38 


362 


34 




357 


CHj 


F 


H 




3.21 


354 


34 




358 




F 


H 




2.92 


350 


34 




359 


CH3 


F 


H 




3.62 


388 


34 




360 


CH3 


CI 


H 




3.33 


386 


34 




361 


CH3 


F 


H 


JO 


2.65 


320 


34 




362 


CH3 


F 


H 


JX 


3.11 


354 


34 




363 


CH3 


F 


H 




2.78 


362 


34 




364 


CH3 


F 


H 




2.72 


368 


34 
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Ex. 
No. 






R3 


R* 


RT 

(min) 
from 
LC- 

MS) 


Mass 
Spec. 
(ESI) 
MH+ 


Meth- 
od of 
Exam 
-pie 


Com- 
ments 


345 




F 


H 




2.57 


393 


34 




346 




Br 


H 




2.30 


461 


33 


TFA 
salt 


347 




CF3 


H 




2.15 


409 


34 




348 


jX) 


CI 


H 


^j^^j--COCH3 


2.04 


375 


34 




349 




F 


H 




2.71 


347 


34 




350 




F 


H 




3.00 


362 


34 




351 




F 


H 




2.92 


320 


34 




352 


CH3 


F 


H 




2.74 


362 


34 




353 


CH3 


F 


H 




3.18 


354 


34 




354 


CH3 


F 


H 


xf 


3.00 


338 


34 
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Ex. 
No. 




R2 


R3 


R* 


RT 
(min) 
(from 
LC- 
MS) 


Mass 
Spec. 
(ESI) 
MH+ 


Meth- 
od of 
Exam 
-pie 


Com- 
ments 


365 


CH3 


F 


H 




3.45 


396 


34 




366 


CH3 


F 


H 




2.9 


338 


48 




367 




F 


H 




3.23 


354 


48 




368 


pHa 


F 


H 




2.96 


350 


47 




369 


CH3 


F 


H 




3.57 


388 


49 




370 




F 


H 




3.31 


365 


49 




371 




F 


H 




3.73 


420 


34 




372 




F 


H 




2.73 


364 


35 




373 


CHa 


F 


H 




4.00 


364 


34 




374 


CHa 


CI 


H 




3.29 


386 


47 
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Ex. 
No. 




R2 






RT 
(min) 
(from 

LC- 
MS) 


Mass 
Spec. 
(ESI) 

IVln+ 


Meth- 
od of 
Exam 
-pie 


Com- 
ments 


375 




F 


H 




2.10 


361 


41 





Biological tests 

Elk-1 Assay : 

5 The following assay measures the inhibitory activity of the compounds on 

Elk-1 transactivated luciferase expression. Elk-1 is a gene regulatory protein that 
IS activated by MAP kinases (mitogen activated protein kinases). In this assay, 
epidemial groNvth factor (EGF) stimulates Elk-1 transactivation of luciferase 
expression through phosphorylation of the Gal4 (a yeast gene activator 

10 protein)-Elk-1 fusion protein (Hexdall and Zheng, 2001, Boulikas 1995). Hela Elk- 
1 luc cells are plated at 2 x 10"* cells per well in 96-well plates In complete medium 
(DMEM, 10% FBS, 20 mM HEPES, 100 U/mL penicillin, 100 pg/mL streptomycin, 
250 \xg/n\\ G418 (geneticin) and 100 M9/nil hygnomydn B; all reagents Giboo 
BRL). The cells are incubated at 37 in 5% CO2 in a humidified incubator 

15 ovemight. The cells are washed and subsequently incubated in serunrv-free 
medium containing 1% fatty acid finee bovine serum albumin (BSA) for an 
additional 24 hours. Test compounds are added In serum-fifee medium and the 
plates are Incubated for 45 min followed by addrtton of 100 ng/ml recombinant 
EGF or 50 ng/ml PMA (phorbol 12-myristate 13-acetate, Sigma). After a 5 h 

20 Incubation period, luciferase activity is quantified in a Wallace Luminometer. 

In vitm Proliferation inhibition Assav: 

HCT 116 human colorectal carcinoma cells (ATCC CCL247) were cultured 
25 in standard growth medium (DMEM, 10% FBS, 10 mM HEPES, 2 mM glutamine. 
100 U/mL penicillin, 100 pg/mL streptomycin) at 37 ^^C in 5% CO2 in a humidified 
Incubator. Cells were detached using trypsin and plated at a density of 3000 cells 
per well in 100 pL grewth medium In a 96 well culture dish. Twenty-four hours 
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after plating, compounds were added and the cell number is quantified 72 h after 
treatment using a MTS assay (e.g. Promega CellTrter 96 Aqueous One Solution 
Cell Proliferation Assay #63581. Briefly, the MTS assay is a colorimetric method 
for determining the number of viable cells in the proliferation assay. The MTS 
(4,5Klimethylthlazol-2-yl)-5-(3K»ri[)oxymethoxyphenyl)2-<4-sulfophe 
tetrazolium) reagent is bioreduced by cells into a colored fonnazan product that is 
soluble in tissue cultured medium. The quantity of formazan product as measured 
by the amount of 490 nm absorii)ance is directly proportional to the number of 
living cells in culture.) 

Test compounds were dissolved in 100% DMSO (dimethylsulfoxide) Id 
prepare 10 mM stocks. Stocks were further diluted 1:250 in growth medium to 
yield working stocks of 40 [M test compound in 0.4% DMSO. Test compounds 
were serially diluted in a 6 point dose response from 10 pM to 0.033 pM in growth 
medium containing 0.4% DMSO to rriaintain constant DMSO concentrations for all 
wells. One hundred microliters of diluted test compound were added to each 
culture well to give a final volume of 200 pL). The treated cells were incubated for 
72h at 37 °C. After tiie completion of the 72h incubation, 40 pL of MTS reagent is 
added to each well. The plates were incubated for 30min at 37^0 and read at 490 
nm. 

In addition, the IC50 values were determined vyith a least squares analysis 
program using compound concentration versus percent inhibition. 
% Inhibition = [1-(T72h test-Tohy(T72h ctrl-Toh)l x 100 
where 

T72h test = LDH activity at 72 h In presence of test compound 
T72h Ctrl = LDH activity at 72 h In absence of test compound 
Toh = LDH activity at Time Zero 

Representative results are shown in Table 8 below: 



Table 8. 



Example No. 


IC5o(mM) 


1 


0.48 


10 


3.56 
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Example No. 


IC5o(mM) 


66 


0.36 


57 


0.60 


66 


0.4 


74 


0.4 


373 


0.88 


390 


0.24 



A suitable assay for assessing inhibition of colony formation is as tbliows. 
HCT116 or H460 (ATCC #HTB177) cells are mixed with an agar-medium 1 x 
DME[\4 (DMEM powder, Gibco) + 1x FBS at a ratio 3:2; i.e. 3 mL agar (SeaPlacpje 
5 agarose, FMC Corporation) + 2 mL cells. The initial cell concentration is 5000 
cells/mL (resulting in 100 cellsyWell). 50 pL is plated as a bottom layer agar mix 
conslsflng of 6.3 mL 4x agar, 6.3 mL 2x DMEM, and 12.5 mL 1x DMEM + 2x FBS 
for a 0.6% f.c. 50 mL of regular growth medium (DMEM, 10% FBS, 10 mM 
HEPES, 2 mM glutamine, 100 U/mL penicillin, 100 pg/mL streptomycin) and 

10 incubated at 37 ®C in 5% CO2 in a humidified incubator overnight. The compound 
(lOmM stock in 100% DMSO) is added in serial dilutions ranging from 10 pM to 
33nM the next day and the plates are incubated for another 7 days 37 in 5% 
CO2 in a humidified incubator. MTS (Promega) analysis is performed essentially 
as described by the manufacturer. Briefly. 40 pL MTS are added to each well and 

15 the plates were incubated for 2 h at 37°C in 5% 002 in a humidified incubator, 
shaken for 1 min at room temperature, and read at 490 nm. 

Detection of Apootosis: 

2D A suitable assay for detenmining apoptosis is as follows. H460 human lung 

cancer cells are plated in sbc well plates (Costar 3506} at 250,000 cells per well in 
standard medium (DMEM, 10% FBS, 10 mM HEPES, 2 mM glutamine, 100 U/mL 
penicillin, 100 pg/mL streptomycin) and incubated over night at 37 *C in 5% CO2 
In a humidified incubator. The cells are treated with various concentrations of the 

25 test compounds for 24 h. Cells are harvested and fixed with 1% 
parafomialdehyde on ice for 15 min. Subsequently, the cells are rinsed and put In 
ice cold ethanol (80%) ovemight at -20 °C- Apoptosis is detected using a TUNEL 
assay (Phanningen, APOBRDU kit) as described by the manufacturer. Briefly, 

89 
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cells are incubated with DNA labeling solution for 1 h at 37 ^C, washed and 
subsequently incubated with propidium iodide. In a dark room, the cells are Rnase 
treated. Samples were analyzed using a FACS Calibur (Becton Dickinson) using 
CellQuest software. 

5 Using this assay, a representative compound of the present invention 

induced apoptosis. 

In vivo Tumor Growth Inhibition Assav: 

10 Inhibition of tumor growth in vivo is readily detemfiined via the following 

assay: HCT 116, H460, or A549 cells are cultured as described above. The cells 
are harvested by trypsinization, washed, counted, adjusted to 2.5x10^ ceils/mL 
with ice cold phosphate-buffered saline (PBS), and subsequently stored on Ice 
until transplantation. Xenograft experiments are conducted using eight4o-ten 

15 week-old female NCr nude mice (Taconic Labs) with an average body mass of 
about 20-25g. All the procedures are perfomried using sterile technique and in 
accordance with lACUC guidelines. Approximately 5x10^ cells in a total volume 
of 0.2 mL PBS are injected subcutaneously in the flank region. Tumor 
measurements are perfomied one week after transplantation. Tumor weights are 

20 calculated using the tomnula (a x b x b)/2. Thereafter the mice are randomized . 
and divided into several groups that reflect different dosages or schedules, 
respectively (n==10 mice/group). The test compounds are administered starting 
with day 8 after transplantation at various dosages (e.g. 0.75, 1.5, 3, 10, 30, and 
100 mg/kg) and different schedules (e.g. twice a day (bid) for 14 days, once a day 

25 for fourteen consecutive days, or every other day for seven treatments in total). A 
suitable vehicle for oral administration is Cremophor, ethanol and 0.9% saline 
(12.5:12.5:75). Tumor measurements are performed twice per week. Tumor 
weights are calculated as described above. Studenf s T - test is used to verify the 
significance of the activity compared to untreated (vehicle only) controls. Animals 

30 are sacrificed after treatment and plasma was harvested for pharmacokinetic 
analyses. Tumors undergo further subsequent analyses, e.g. histology. 

Representative compound of Example 59 demonstrated antitumor activity 
in tills assay using HCT 116 and H460 cells. 
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Pharmaceutical Ctompositions : 

Useful pharmaceutical dosage forms for administration of the compounds 
according to the present invention can be illustrated as follows: 

5 Hard shell caosules: 

A large number of unit hard shell capsules are prepared by filling standard 
two-piece hard galantine capsules each with 100 mg of powdered active 
ingredient, 150 mg of lactose, 50 mg of cellulose and 6 mg of magnesium 
stearate. 

10 

Soft Gelatin Capsules : 

A mixture of active ingredient in a digestible oil such as soybean oil> 
cottonseed oil or olive oil is prepared and injected by means of a positive 
displacement pump into molten gelatin to form soft gelatin capsules containir^g 
15 100 mg of the active ingredient The capsules are washed and dried. The active 
ingredient can be dissolved in a mixture of polyethylene glycol, glycerin and 
sorbitol to prepare a water miscible medicine mix. 

Tablets : 

20 A large number of tablets are prepared by conventional procedures so that 

tile dosage unit was 100 mg of active ingredient 0.2 mg. of colloidal silicon 
dioxide, 5 mg of magnesium sterate, 275 mg of microcrystalline cellulose, 11 mg. 
of starch, and 98.8 mg of lactose. Appropriate aqueous and non-aqueous 
coatings may be applied to increase palatability, improve elegance and stability or 

25 delay absorption. 

Immediate Release Tablets/Caosules: 

These are solid oral dosage fonns made by conventional and novel 
processes. These units are taken orally without water for immediate dissolution 
30 and delivery of the medication. The active ingredient is mbced in a liquid 
containing ingredient such as sugar, gelatin, pectin and sweeteners. These 
liquids are solidified into solid tablets or caplets by freeze drying and solid state 
extraction techniques. The drug compounds may be compressed with 
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viscoeiastic and thermoelastic sugars and polymers or effervescent componertb 
to produce porous matrices Intended tor immediate release, without the need of 
water. 

Additionally, the disclosure shows and describes only the preferred 
embodiments of the invention but, as mentioned above, it is to be understood that 
the invention is capable of use in various other combinations, modifications, and 
environments and is capable of changes or modifications wthin the scope of the 
inventive concept as expressed herein, commensurate with the above teachings 
and/or the skill or knowledge of the relevant art. The embodiments described 
hereinabove are further Intended to explain best modes known of practicing the 
invention and to enable others skilled in the art to utilize the invention in such, or 
other, embodiments and with the various modffications required by the particular 
applications or uses of the invention. Accordingly, the description is not intended 
to limit the invention to the fomi disclosed herein. Also, it is intended that the 
appended claims be construed to include alternative embodiments. 
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What is claimed is: 

1 . A cx)mpound of the formula: 




5 (I) 
wherein 

each X is independently NR^R^, NR^R®, or R*, with the proviso that at least 

oneXmustbeNR^R®; 
each R^ Is independently an optionally substituted fused bicyclic 

10 unsaturated ring containing 9 or 10 atoms and optionally containing 

1-4 heteroatoms selected from the group consisting of N, S, and O; 
wherein said substitution on said ring is selected from the group 
consisting of halo. -COOR^ -COR^ -CN, -OR^ -C=0, -NO2. -NR^R^ 
-CONR^R^ -NR^COR^ -NR^COOR^ -NR^S02R^ -S02R^ 

15 -S02NR®R^ -NR^CONR^ -SR®, -NR^S02. -OR^NR^R^ . -N=CR^ 

optionally substituted alkyi, and optionally substituted alkenyl 
wherein the substitution on said alkyI and alkenyl is selected from 
the group consisting of -NR®R®, «OR^, fluoro, methenyl, and ethenyl; 
R^ Is hydrogen, halo, optionally substituted alkyI, or an optionally 

20 substituted -Y(n)-mono-ring group or -Y(n)-multi-ring group, said ring 

groups in each case containing 4-18 atoms in the ring and optionally 
containing 1-4 heteroatoms selected from the group consisting of N, 
S, and O; wherein said substitution on said ring group is selected 
from ttie group consisting of halo, -COOR®, -COR®, -OR®, -C=0, 

25 -NO2, -CONR®R^ and optionally substituted alkyl. wherein said 

substitution on each of said alkyls is independently selected from tiie 
group consisting of -NR®R®, -OR®, and fluoro; 
R^ Is hydrogen, alkyl, or halo; 

each R^ is independently an optionally substituted -Y(n)-mono-ring group or 
30 optionally substituted -Y(nrmulti-ring group, said ring groups in each 

case containing 4-18 atoms in the ring and optionally containing 1-4 
heteroatoms selected from the group consisting of N, S, and O; 
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wherein n is 0 or 1, and Y is selected from the group consisting of 
straight- or branched-chain Cz-ralkylenyl and -C(CN)-; wherein 
can also be hydrogen or alkyi when is present; and wherein said 
substitution on said ring group is selected from the group consisting 
of halo, -COOR^ -COR^ -CN. -OR®, -C=0, -NO2. -NRW. 
-CONR^R^ -NR^COR^ -NR^COOR^ -NR®S02R^ -SOgR^. 
-S02NR®R9. -NR^CONR®. -SR®, -NR®S02. -OR^NR^R®. -N=CR®, and 
optionally substituted alkyI wherein said substitution on said allcyl is 
selected finom the group consisting of -NR®R^, -OR®, fluoro, 
methenyl, and ethenyi; with the proviso that the multi-ring group 
cannot be benzimidazolyl; 

each R^ is independently an optionally substituted -Y(n)-mono-ring group or 
an optionally substituted -Y(nrmulti-ring group, said ring groups In 
each case containing 4-18 atoms in the ring and optionally 
containing 1-4 heteroatoms selected from the group consisting of N, 
S, and O; wherein n is 0 or 1, and -Y- is selected from the group 
consisting of straight- or branched-chain C2-3-alkylenyl, -N=CH, and 
-N=CHGH3; and wherein said substitution on said ring group is 
selected from the group consisting of halo, -COOR®, -COR®, -CN, 
"OR®. -0=0, -NO2, -NR®R^ -CONR®R^, -NR®COR^, -NR®COOR^, 
-NR®S02R^ -SO2R®, -SOaNR^Rg, -NR®CONR^ -SR®. -NR®S02. 
-OR®NR®R^, -N=CR®, and optionally substituted alkyI wherein said 
substitution on said alkyI is selected from the group consisting of 
-NR®R^ -OR®, fluoro, methenyl, and ethenyi; with the proviso that 
the multi-ring group cannot be benzimidazolyl; 

each R® is independently hydrogen or alkyI; 

each R® and R® Is independently hydrogen, optionally substituted C1-C5 
alkyI, optionally substituted aryl, or optionally substituted arylalkyi, 
wherein said substitution is selected from the group consisting of 
optionally substituted alkyI wheroin said substitution on said alkyI is 
selected from the group consisting of fluoro and dialkylamino; 
and pharmaceutically acceptable salts and prodmgs thereof. 
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2. A compound according to claim 1 wherein: 

each X individually is -NR^R^ -NR'^R^, or R^, with the proviso that at least 
one X is -NR^R^; 

each R'' is independently an optionally substituted moiety selected from the 
group consisting of indazolyl. quinolinyl, benzothtazolyl, 
benzotriazolyl, or benzoxazolyl, wherein said substitution is selected 
from the group consisting of hydrogen, methyl, and ethyl; 

R^ is halo or optionally substituted alkyl, wherein said substitution is 
selected from the group consisting of fluoro, -COOR®, -COOR^ and 
-CONR^R®; 

R^ is hydrogen or methyl; 

each R* is hydrogen, methyl, phenyl, aryl, benzothiophenyl, pyridinyl, 
indolyl, naphthalenyl, biphenyl, indanyl, indenyl, quinolinyl, 
isoquinolinyl, benzothiazolyl, benzotriazolyl, cyclohexanyl, 
cyclopentanyl, cyclobutanyl, or multiple rings which are linked 
covalently, either directly or via a linker, wherein said linker is 
selected from the group consisting of methylene, O, S, N, -R^-SOa. 
-SOr-NR^, -NR^CO- and -CONR^; 

each R^ is independently an optionally substituted -Y(n)-mono-ring group or 
an optionally substituted -Y(n)-multi-ring group, said ring groups In 
each case containing 4-18 atoms in the ring and optionally 
containing 1-4 heteroatoms selected from the group consisting of N, 
S, and O; wherein n is 0 or 1 . and -Y- is selected from the group 
consisting of straight- or branched-chain Ca-a-alkylenyl, -N=CH, and - 
NOHCH3; and wherein said substitution is selected from the group 
consisting of halo, -COOR®, -COR^ -CN. -OR®. -C=0, -NO2, -NR^^. 
-CONR®R^ -NR^COR^ -NR^COOR^, -NR®S02R^ SOzR^ 
-S02NR®R®, -NR^CONR^ -SR^ -NR^SOa. -OR^NR^R^ -N=CR^ and 
optionally substftuted alkyl wherein said substitution on said alkyl Is 
selected from the group consisting of -NR^R^, -OR®, fluoro. 
methenyl, and ethenyl; with the proviso that the multi-ring group 
cannot be t)enzimidazolyl; 

each R® is independently hydrogen or alkyl; 



wo 03/030909 



PCT/US02/30616 



each R® and is independently hydrogen, optionally substituted Crs-aikyI, 
optionally substituted aryl, and optionally substituted arylalkyi. 
wherein said substitution is selected from the group consisting of 
optionally substituted alkyi wherein said substitution on said alky! is 
selected finni the group consisting of fluon^ and dialkylamino; 
and pharmaceutically acceptable salts and prodrugs thereof. 

3. A compound according to claim 1 of the formula 



each R^ is Independently 5-indazolyl, 6-indazolyl, 5-benzotriazolyl, 5- 
benzothiazolyl, 6-quinolinyl, 5-(1 -methyl)indazolyl, 6-(1 - 
methyl)indazolyl, 5-(1-ethyl)indazolyl, 6-(1-ethyl)-indazolyl, 3- 
quinolyl, or 3-isoquinolyl; 

R^ is hydrogen, fluono, bromo, chloro, methyl, or trifluoromethyl; and 

R^ is hydrogen or methyl; 
and phanmaceutically acceptable salts thereof. 

4. A compound according to claim 1 of the formula: 



each R^ is independently 5-indazolyl, 6-lndazolyl, 5-benzotriazolyl, 5- 
benzDthiazolyl, 6-quinolinyl, 5-(lHmetiiyl)indazolyl, 6-(1-"methyl)indazDlyl. 5- 
(l-elhyl)indazolyl, 6-(1-ethyl)-indazolyl, 3-quinolyl. or 3-isoquinolyl; 
R^is hydrogen, fluoro. bromo, chloro, methyl, or trifluoromethyl; 




(M) 



wherein 




(1-2) 



wherein: 
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is hydrogen or methyl; 
R"* is hydrogen or methyl; and 

R^ is an optionally substituted moiety selected from the group consisting of ' 
phenyl, pyridyl, thiophene, furan, -Y{ny-mono-ring group or -Y(n)-mulli- 
ring group, said ring group in each case containing 4-18 atoms In the 
ring and optionally containing 1-4 heteroatoms selected from the 
group consisting of N, S, and O; wheroin n is 0 or 1, and -Y- Is 
selected from the group consisting of straight or branched-chain 
C2^alkylenyl, -N=CH, and -N=CHCH3; and wherein said substitution 
is selected from the group consisting of halo, -COOR®, -COR®, -CN. 
-OR®, -C=0, -NO2, -NR®R^ -CONR®R^ -NR®COR®, -NR^COOR®, 
-NR^SOaR^ -SO2R®, -SOaNR^Rg, -NR®CONR^ -SR®, -NR^SOa. 
-OR®NR®R^. -N=CR®, and optionally substituted alkyl wherein said 
substitution on said alkyl is selected from the group consisting of 
-NR®R®, -OR®, fluoro, methenyl. and etiienyl; with the proviso that 
the multi-ring group cannot be benzimidazolyl; 
and phamnaceuticaily acceptable salts and prodrugs thereof. 

5. A compound according to claim 1 of the formula: 



R'' Is 5-quinolyl or 6-quinolyl; 

R^ is fluoro ortrifluoromethyl; and 

R^ Is optionally substituted phenyl or pyridyl, wherein said substitution is 
selected from the group consisting of halo, amino, hydroxy, acetyl, 
alkyl, alkoxy, alkenyl, hydroxyalkyi, dialkylamino. and phenyl, 
and phannaceutically acceptable salts and prodrugs thereof. 

6. A compound according to claim 1 of the formula 




(1-3) 



wherein: 
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(1-4) 



Wherein: 



R*" is independently Snndazolyl, 6-indazolyl, 5-benzotriazolyl. 5- 
benzothiazolyl, 6-quinolinyl, 5-(1-methyl)indazolyl, 6-(1- 
methyl)indazolyl, 5-(1-ethyl)indazolyl, 6-(1-ethylHndazolyl. 3- 
quinolyl, or 3-isoquinolyl; 
is hydrogen, fluoro, chloro, bromo, methyl, ortrifluoromethyl; 

R^ is hydrogen or methyl; 

R"* is hydrogen or methyl; and 

R^ is an optionally substituted -Y(n)-moiety. wherein n is 0 or 1, Y is 
selected from the group consisting of straight- or branched-<:hain 
Ca-ralkylenyl, -N=CH, and -N-CHCH3, and said moiety is selected 
from the group consisting of cycloalkyi, phenyl, napthyl, pyridyl, 
thienyl, furyl, quinolinyl, benzothiophenyl, benzothiazolyl, lndol-3-yl. 
and quinoline-4-thio, said substitution being selected from the group 
consisting of methyl, ethyl, fluoro, bromo, chloro, trifluoromethyl, 
mettioxyl, methylenedioxyl, sulfonamidyl, morpholinyl, and -O* 
pyrazinyl; 

and phamnaceutically acceptable salts and prodrugs thereof. 
7. A compound according to claim 1 of the fomnula 



R^ is 5-indazolyl, Gnndazolyl, 5-benzotriazolyl, 5-benzothiazolyl, 6- 
qulnolinyl, 5-(1-methyl)indazolyl, 6-(1-methyl)indazolyl, 5-(1- 
ethyl)indazDlyl, 6-(1-ethyl)Hndazolyl, 3-quinolyi, or 3-isoqulnolyl; 




H 



(1-5) 



wherein: 



98 



wo 03/030909 



PCTAJS02/30616 



is hydrogen, fluoro, methyl, bromo, chloro, tpWuoromelhyJ, -C02C^ 

-CO2H, and -CO-morphollnyl; 
is hydrogen or methyl; and 
R^ is an optionally substituted -Y(nrmono-ring group or optioflfii^ 
6 substituted -Y(nrmulti-ring group, said ring groups in each case 

containing 4-18 atoms in the ring and optionally containing 1-4 
heteroatoms selected from the group consisting of N, S, and Q; 
wherein n = 0 or 1, -Y- is -C(CNK and wherein said ring group is 
selected from the group consisting of optionally substituted phenyl or 
10 pyridyl, wherein said substihition is selected from the gioup 

consisting of halo, amino, hydroxy, acetyl, -alkyi, alkoxy, alkenyl. 
hydroxyalkyi, dialkylamino, and phenyl; 
and pharmaceutically acceptable salts and prodrugs thereof. 

15 8. A compound according to claim 1 selected from the group consisting of the 
compounds of Examples 1 - 375. 

9. A phamnaceutical composition comprising a compound according to claim 1 
and a phamnaceulically acceptable adjuvant, buffer, or earner. 

20 

10. A method for inhibiting kinases in a warm-blooded animal in need thereof by 
administering at least one of the compounds of the present invention in an amount 
sufficient to inhibit said kinase. 

25 11. The present invention also relates to a method for treating a CDK-depervlent 
disorder or disease in a warm-blooded animal in need of same, by administering 
to said animal at least one of the compounds of the present invention in an 
amount sufficient to inhibit CDK. 

30 12. A method for inhibiting cellular proliferation in a wamvblooded animal in need 
thereof by adrranistering to said animal at least one of the compounds of the 
present inventkni in an amount sufficient to inhibit said proliferation. 
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13. A method of inhibiting proliferative disorders in warm-blooded animals, 
oonfuising administering to said animal a compound of claim 1 in an amount 
sificientto inhibit 

14. A method of treating a wamn-biooded animal suffering finom cancer or 
neoplastic disease by administering to said wann-blooded animal an effective 
amount of at least one of the compounds of the present invention. 

15l a metiiod of treating a warm4>looded animal suffering from viral infection by 
adMrasfeering to said warm-blooded animal an effective amount of at least one of 
the compounds of the present invention. 

16- A method for modulating apoptosis in a warm-blooded animal in need thereof 
by administering at least one of the compounds of the present invention in an 
amount sufficient to modulate apoptosis. 

17. A process for making compounds of the formula (la): 



with an amine of the fomnula R^R^NH in a protic solvent to yield the compound of 
fonrnda (la); wherein R® is hydrogen and R\ R^. and R^ are as defined in claim 3. 




said process comprising reacting a compound of the formula (III): 




(III) 
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18. The process of claim 17 wherein sard reaction is canied out in the presence 
of an acid. 

19. The process of claim 17 wherein said reaction is earned out in the presence 
of abase. 

20. A process for maldng a compound of the fomiula (lb): 



said process comprising reacting a compound of the formula (M l) 

ci 




(III) 

with an amine of the fomiula R^R^NH in a base to yield a compound of the 
fbmiula (IV) 



followed by reaction of the compound of fomnula (IV) with HNR'^R^ to yield a 
compound of the fomiula (lb), wherein R® is hydrogen and R^ R^, R^, R"*, and R^ 
are as defined in claim 4. 

21. A process for making a compound of the fomiula (Ic) 




NR^R* 
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(Ic) 



said process comprising reacting a compound of tliefomnula (III) 



CI 




CI 



(III) 



with an amine of the fomiula R^R^H in the presence of base to give the 
compound of the fomiula (V) 



followed by reaction with a compound of fomiula (V) with HNR^R^ in acid to yield 
the compound of fomiula (Ic), wherein R^ is hydrogen and R\ R^, R^ R*. and R? 
are as defined In claim 6. 

22. A process for making a compound of the formula (Id): 

nrV 




(V) 




said process comprising reacting a compound of the formula (III) 
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5 



10 



15 



CI 




R» "N^CI 
(III) 

with an amine of the formula R4R5NH in base to give the compound of the 
fomfiula (V): 

R^^N^CI 
(V) 

followed by reaction of the compound of fomnula (V) with hydrazine, followed by 
reaction with ArCHOto yield the compound of fomnula (Id), wherein F^, R^ 
and R^ are as defined in daim 1 . 

23. A process for making a compound of fonnnula (le): 

Ar\^CN 



R^v 

r^-^n'^nhr^r^ 

(le) 



3I -■'^m'^-mudI c 



said process comprising reacting a compound of formula (III) 

CI 

(III) 

with a nitrile, represented by A1CH2CN, where Ar is an aryl or heteroaryl radical, in 
the presence of a strong base, to provide the chloropyrimidine of fonmula (Vla): 
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(Via) 




followed by reaction of the compound of fomiula (Via) with an amine of fonnula 
R^R^H to yield the compound of fomiula (le), wherein R^is hydrogen and R\ F^, 
and R^are as defined in claim 7. 

24. A process for making a compound of fonnula (If): 



with a boronic acid of fomiula R'^B(OH)2 in the presence of a palladium catalyst 
and a base to give a chloropyrimidine of fonnula (Vib) 




said process comprising reacting a compound of fomiula (III): 




(HI) 




(VIb) 
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followed by reaction of the compound of formula (VIb) with an amine of the 
formula R^R^NH, to yield compounds of fomiula (If), wherein R^ is hydrogen and 
R\ R^, R^ and R^ are as defined in claim 7. 



25. A process Ibr making a compound of formula (Ig) 



(19) 

said process comprising reacting a compound of the formula (III) 



CI 




with a compound of the fomiula R^R^NH in a base to give the compound of 
Ibmiula (IV) 



NR^R^ 




followed by reaction of the compound of fonmula (IV) with a boronic acid of 
fbrnnula R%(0H)2 in the presence of a palladium catalyst and a base to yield the 
compound of formula (Ig), wherein R® is hydrogen and R\ R^, R^ and R"* are as 
defined in claim 5. 



26. A process for making compounds of the fonmula (Ih) 
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(Ih) 



said process cx)mprising the steps of 



(a) reacting a compound oFfbmnula (Vli) 




(VII) 



with DMF-dimethylacetal of formula (VIII) 

I 

(Vlll) 

in a refluxing solvent to ^ve an enaminone intennediate of fonnula (IX) 



RT-rr 




(IX) 



(b) reacting a compound of fonDula(X) 
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with an amine of thefbnnula R''NH2 with heating in a higher boiling solvent to gim 
the compound of fomnila (XII) 

NH 

u 

R^NH^NHa 
(XII) 

(c) reacting the enaminone of fonnula (IX) 

O 



with the guanidine of fonnula (XII) in a protic solvent and a base to yield the 
compound of fonnula (Ih). wherein R" is methyl, methoxy. -O-CH2-, fluoro, CN, or 
NO2, and and 1^ are as defined in daim 1 . 

27. A process for nnaking a compound of fomiula (XV) 




(IX) 



o 



Ar 



(XV) 
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said process comprising reacting an aryl or hetenoaryl bromide of tfie formula ArBr 
with butyllithium to fomri the aryllithium compound of the formula AiLi, followed be 
reaction of the compound of fonnula ArLI with a compound of the formula (XIV) 



o 

' (XIV) 



to yield the compound of formula (XV). 
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BdK 1 Observattons where certain claims were found unseardiable (Continuation of ttem 1 of first siieel) 
Has Intematfonai Search Report has not been established In respect of certain daiins under Articid 17(2)(a} for the following leasons: 
tL [x] ClaimsNosj 

because they relate to sub^ matter not required to be searched by this Authority, namely 

Although claims 10-16 are directed to a method of treatnent of 

the human/animal body, the search has been carried out and based on the 
alleged effects of the compound/composition. 

aimciateNos. l(part), 2(part), 4-8 (part) ,10-12 (part) ,14-16 (part) 

because tfa^ retaKe to parts of tfie International AppRcation that do not compfy with the pnscribed requirements to such 
an eotlBntrat no meaningful International Sean^ can t)e carried out, specif 

see FURTHER INFORMATION sheet PCT/ISA/2ie 

a ri Claims Nosj 

.because they are dependem claims and ars not drafted in aocoidance wBh the seo^ 

Box D Observations where unity of invention is lacidng (Continusftion of item 2 off first sheet) 

Tbis Intern ati onal Seamhing Authority found multiple inverttions in this international appllcatlGn, as follows: 

see additional sheet 



^' I I additional search fees were timely paid by the appScaii, tMs Intemationai Search Report covere aB 

I — ' searchidble clafans. , 

2L As ai seaicha bteclBims could be searched wfth^ 
■ of any additional fee. 



3l I I As onVsome of the required additional search fees were timely paid by the applicant, thte intemationai Search Report 
' — j ooimonhr those dahs for which fees were paid, specifically 



4L [vj Mo retyiirBd addldonal search fees were timely paid by the applicant Consequently, tfis tntenria&xial Search Report *e 
restrict to the inverltion first rnentioned in the daims; it is covered^ 

1-26 



Remartconl^rotest [ | The additional seanrh tees were aooompanied by the applicant's protest 

I I No protest accompanied the payment of adcfitiond search fees. 
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Continuation of Box 1.2 

Claims Nos.: l(part), 2(part), 4-8 (part) ,18-12 (part), 14-16 (part) 



The initial phase of the. search revealed a very large number of documents 
relevant to the issue of novelty. So many documents were retrieved that 
it is impossible to determine which parts of the claira(s) may be said to 
define subject-matter for which protection might legitimately be sought 
(Article 6 POT). Even the dependafit claims are anticipated by many of the 
cited documents. The documents cited in the International Search Report 
are merely a representative selection of the relevant documents found. 

In the definition of R2 in claiio 1, Y and n are not defined. There is no 
further information concerning these groups in the description. 
Furthermore, the Y groups defined for R4 and R5 differ from one another, 
hence the Y groups which are defined in claim 1 cannot be assumed to also 
apply to R2 (as it would not be clear whether to take those of R4 or 
those of R5). For this reason, claim 1 has only been searched insofar as 
R2 is H, halo, substituted alkyl, C02H, C02CH3 or CO-morpholinyl , i.e. 
definitions which are clearly disclosed in the independent or dependent 
claims. 

Present claims 1, 2,4-7 relate to a compound defined by reference to a 
desirable characteristic or property, namely prodrugs. The claims cover 
all compounds having this characteristic or property, whereas the 
application provides support within the meaning of Article 6 PCT and/or 
disclosure within the meaning of Article 5 PCT for only a very limited 
nimtoer of such compounds. In the present case, the claims so lack 
support, and the application so lacks disclosure, that a meaningful 
search over the whole of the claimed scope is impossible. Independent of 
the above reasoning, the claims also lack clarity (Article 6 PCT). An 
attempt is made to define the conpound by reference to a result to be 
achieved. Again, this lack of clarity in the present case is such as to 
render a meaningful search over the whole of the claimed scope 
impossible. Consequently, the search has been carried out for those parts 
of the claims which appear to be clear» supported and disclosed, namely 
those parts relating to the compounds of formula (I) and their specific 
esters as defined on p. 13, 1. 22-28 and 1. 32-p. 14 K7. 

Present claim 8 refers to the cnqpounds of examples 1-375. Such a way of 
fonnulating a claim does not conply with Rule 6.2(a) PCT. The search has 
been restricted to the compounds of the examples which fall within the 
scope of claim 1 (It should be noted that any other interpretation of 
this claim, would lead to a lack of unity, as many of the examples are 
intermediates which lack the pyrimidine ring which is essential to the 
canpounds of claim 1). 

Claims 10-12 and 14-16 refer to methods of treatment using "compounds of 
the present invention". Many specific compounds and general fomwlae are 
disclosed in the present description, some of which are compounds of 
claim 1 and others are intermediates. It is not clear whether "cwnpounds 
of the present invention" means compounds of claim 1 or all compounds 
disclosed in the description. The search has been performed assuming only 
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compounds of claim 1 are meant* 

The applicant's attention is drawn to the fact that claims, or parts of 
claims, relating to inventions in respect of which no international 
search report has been established need not be the subject of an 
international preliminary examination (Rule 66.1(e) PCT). The applicant 
is advised that the EPO policy when acting as an International 
Preliminary Examining Authority is normally not to carry out a 
preliminary examination on matter which has not been searched. This is 
the case irrespective of whether or not the claims are amended following 
receipt of the search report or during any Chapter II procedure* 
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This International Searching Authority found multiple (groups of) 
inventions in this international application, as follows: 

!• Claims: 1-26 

Compounds of formula (I), their pharmaceutical compositions, 
methods of use and processes of preparation. 

2. Claim : 27 

Process for preparing compounds of formula (XV) 



